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GROWTH  AS  RELATED  TO  SPECIFIC  GRAVITY  AND  SIZE  OF  SEED 

I.  INTRODUCTION 

The  influence  of  the  size  and  of  the  weight  of  seed  on  the 
resulting  crop  has  "been  a  subject  of  investigation  for  many  years. 
The  evidence  gathered  from  the  literature  in  this  field  seems  to  show 
that  large,  heavy  seeds  give  the  best  returns.  A  considerable  number 
of  investigators  find  that  their  results  are  rather  conflicting. 
Deherain  et  Dupont  (3)  maintain  that  it  is  only  when  the  difference 
in  the  weights  of  the  seeds  used  is  great,  that  there  is  a  definite 
advantage  in  favor  of  the  heavier  seed.     i.Ieyer,  C.H.   (12)  says  that 
the  question  of  advantage  in  the  use  of  large  and  small  seeds  as  as- 
sociated with  yield  is  inconclusive.  Leighty,  C.  S.   (10)  condemns 
the  method  of  selecting  the  largest  seeds  without  consideration  of 
the  character  of  the  mother  plant;  and  Love,  H.  H.   (11)  concludes 
from  his  results  that  the  heavy  grains  of  wheat  and  oats  come  from 
the  tallest  and  heaviest  yielding  plants.   Johannsen,  KT.   (8)  in  his 
work  on  inheritance  of  weight  shows  that,  in  a  population  of  beans, 
the  heaviest  daughter -beans  are  the  progeny  of  the  heaviest  mother- 
beans,  but  that  in  a  pure  line  this  is  not  necessarily  true.  DeVries 
(4),  on  the  other  hand,  thinks  that  the  size  and  the  weight  of  seed 
are  primarily  the  result  of  nutrition,  in  the  broad  sense,  rather 
than  the  result  of  inheritance. 

In  so  far  as  specific  gravity/  is  concerned,  another  series 
of  experiments  has  been  carried  on.     Haberlandt,  F.   (5)  found  in 
working  with  wheat,  oats,  etc.,  that  the  denser    grains  yielded  the 
heavier    return  in  grain,     and  that    the    less    dense  ones 


yielded  the  greater  amount  of  straw.  According  to  Wollny,  a.   (  16) 
the  absolute  weight  and  not  the  specific  gravity  is  the  only  true 
index  of  the  value  of  the  grain.     Olark,  V.  A.   (  l  )  found  that,  ex- 
cept in  the  case  of  oil  bearing  seeds,  the  larger  number  of  good 
seeds  is  near  the  upper  limit  of  the  specific  gravity  for  the  variety. 
He  concludes,  however,  that  specific  gravity  i  s  of  less  importance 
than  size  in  seed  selection. 

While  each  of  these  fields  has  been  investigated  by  many 
workers,  a  few  have  considered  the  combined  effect  of  size  and  of 
specific  gravity  in  seed  selection.     Among  the  latter  is  Sanborn  (15). 
He  sorted  wheat  according  to  size  and  then  separated  the  large  grain 
into  two  groups  by  the  use  of  a  brine  solution.     The  yield  from  his 
lighter  grain  surpassed  that  from  his  heavy  grain.  Degrully,  L.  ( 2  ) 
in  working  with  corn,  discarded  all  the  very  small  and  poorly  formed 
grains.     He  then  separated  out  the  lightest  one  fourth  by  means  of  a 
sodium  nitrate  solution.     He  states  that  the  difference  of  the  re- 
sults in  favor  of  the  heavy  grain  was  remarkable. 

Practically  all  experiments  have  been  carried  on  under 
field  conditions.  They  have  had  for  their  chief  aim  the  influence  of 
specific  gravity  and  of  size  of  seed  on  crop  production.    A  few  tests 
have  been  made  by  Kiesselbach  and  Helm  (  9  )  to  find  the  relation  of 
the  "sprout  value"  to  the  yield  of  small  grain  crops.  The  term 
"sprout  value"  is  defined  by  the  authors  as,  "The  moisture-free 
weight  of  the  maximum  plant  growth  derived  from  the  seed  when  planted, 
and  grown  in  a  non-nutritive  quartz  medium  and  in  absolute  darkness." 

The  problem  of  finding  how  much  growth,  due  solely  to  the 
reserve  food  in  the  seed,  will  take    place  in  seedlings  from  seeds 
separated  according  to  specific  gravity  and  to  size  has  not,  as  yet, 
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been  studied.     The  solution  of  this  problem  is  the  object  of  the 
experiments  here  recorded. 

II.  MATERIALS  AND  METHODS 

( 1 )  Selecti on  and  separation  of  the  seed  used. 

The  common  garden  bean  because  of  its  ready  adaptability 
to  laboratory  conditions  was  chosen  for  these  experiments.     In  the 
spring  of  1919,  ten  pounds  of  Burpee's  Red  Valentine  seed  of  the 
season  1918  were  divided  according  to  their  specific  gravity  into 
six  groups.  This  separation  was  done  by  solutions  of  chemically  pure 
sodium  nitrate    dissolved  in  distilled  water.     A  preliminary  test 
showed  that  few  seeds  sank  in  a  solution  of  1.32  specific  gravity, 
or  floated  in  one  of  1,12,     The  solutions  used  consequently  range 
from  1.32  to  1.12  specific  gravity.  They  were  prepared  with  the  use 
of  a  Twaddell  hydrometer,  corrected  for  60°  P.,  and  both  seeds  and 
solutions  were  kept  at  this  temperature  while  testing.     The  solutions 
made  up  differed  from  each  other  in  specific  gravity  by  .05  and,  in 
use,  were  not  allowed  to  vary  by  more  than  .005. 

A  few  seeds  were  placed  in  a  small  tea  strainer,  dipped 
into  95/6  alcohol  to  remove  the  air  film  and  then  transferred  to  a 
larger  strainer  immersed  in  a  solution  of  sodium  nitrate  of  1.32 
specific  gravity.     The  seeds  which  floated  were  removed  by  a  second 
small  strainer  and  they  as  well  as  the  ones  which  sank  were  rapidly 
and  thoroughly  washed,  and  spread  out  on  towels  in  a  warm  room  to 
dry.     The  ones  which  sank,  after  drying,  were  stored  in  glass  jars 
for  future  use.     After  all  the  seeds  had  been  passed  through  the  so- 
lution of  greatest  density  (1.32  sp.gr.),  those  which  floated  were 
taken  in  a  similar  manner  through  the  solution  next  lower,  solution 
of  1.27  sp.gr.,  etc.     By  this  method  six  groups  of  seeds  were  ob- 
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tained.  These  groups  are  designated  in  the  discussion  and  in  the 
tables  as  follows: 

Density  1,  seeds  which  sink  in  a  solution  of  1.32  sp.gr.; 

-Density  2,  seeds  which  sink  in  a  solution  of  1.27  sp.gr.; 
(range  from  1.32  through  1.27); 

Density  3,  seeds  which  sink  in  a  solution  of  1.22  sp.gr., 
(range  from  1.27  through  1.22); 

Density  4,  seeds  which  sink  in  a  solution  of  1.17  sp.gr., 
(range  from  1.22  through  1.17); 

Density  5,  seeds  which  sink  in  a  solution  of  1.12  sp.gr., 
(range  from  1.17  through  1.12); 

Density  6,  seeds  which  floated  in  a  solution  of  1.12  sp.gr. 
By  this  method  the  seeds  were  exposed  to  the  solution  but  a  few  sec- 
onds and,  as  germination  and  growth  tests  showed,  suffered  no  harm 
from  the  process. 

The  seeds  passed  through  the  successive  solutions  varied 
in  length  from  8.3  mm.  to  18.5  mm.     These  were  divided  into  three 
groups  of  the  following  respective  lengths: 

Large  seeds,  range  in  millimeters  from  18.5  to  15.1; 
Medium  seeds,  range  in  millimeters  from  15.1  to  11.7;  Small  seeds, 
range  in  millimeters  from  11.7  to  8.3.     The  number  of  seeds  in  the 
different  groups  and  the  percentage  that  each  number  is  of  the  total 
number  can  be  found  in  Table  48. 

( 2 )  Treatment  of  seedlings. 

Twenty -four  seeds  of  each  group  were  individually  weighed 
and  measured.  Twelve  were  placed  in  beakers  of  sphagnum,  the  others 
were  planted,  one  quarter  of  an  inch  below  the  surface  of  the  soil, 
in  small  flower  pots.     In  putting  the  seeds  to  germinate,  the  micro- 
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pyle  end  was  always    placed  down  thereby  avoiding  unnecessary 
curving  of  the  seedling.     The  beakers  and  the  pots  were  kept  in 
covered  metal  cases  at  a  temperature  of  20°C  during  germination. 
When  the  seedlings  in  the  sphagnum  started  to  put  forth  secondary 
roots  they  were  transferred  to  small  aspirator  bottles  filled  with 
tap  water.  This  water  is  essentially  a  nutrient  solution  as  the  chem- 
ical analysis  given  by  the  Illinois  State  Water  Survey  shows.  This 
analysis  (7)  is: 


Minerals             Parts  per  Minerals  Parts  per 

million  million 

2.3  MgC03  105.3 

KC1                               .8  OaC02  144.8 

K2SO4                        £.0  FeCOs  4.4 

K2CO3                        6.4  AI2O3  .6 

Na2C0a                     81.7  Si02  15.8 

(NH4)2C02                 7.5  Bases  3.4 

Total  375.0 


The  seedlings  were  held  in  place  by  means  of  fine  aluminum  wire  and 
by  a  support  which  was  fastened  to  the  neck  of  the  bottle.  The  bot- 
tles were  then  placed  into  the  cases  where  they  were  left  until  the 
seedlings  were  ready  for  use.  The  water  in  the  bottles  was  renewed 
on  alternate  days. 

When  the  seedlings  were  one  or  two  centimeters  in  height, 
the  pots  or  bottles  were  placed  into  rectangular  metal  cases  con- 
sisting of  a  lower  part  fifteen  centimeters  in  height  and  a  tall  up- 
per part  which  fit  down  over  the  former  leaving  an  air  space  of  one 
centimeter  between  the  lower  and  upper  parts.     By  this  means  all 
light  was  excluded  but  air  exchange  was  not  prevented.  These  small 
cases  were  placed  in  special  large  constant  temperature  cases  de- 
signed by  Professor  Charles  F.  Hottes.     The  seedlings  were  removed 
from  the  cases  daily,  measured  and  watered.  During  the  period  of 
measuring,  approximately  ten  minutes,  the  seedlings  were  exposed  to 
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the  light  and  to  the  temperature  (£0°G)  of  the  laboratory.  Seedlings 
deformed  or  otherwise  abnormal  were  discarded.  They  were  grown  in 
series  at  temperatures  £0°,  25°  and  30°G.     The  large  seeds, of  which 
only  a  very  limited  number  were  on  hand,  were  grown  at  £5°G  only. 

All  measurements  were  taken  beginning  two  and  one  half 
centimeters  above  the  root  origin.     If  the  entire  height  of  the 
shoot  is  desired,  two  and  one  half  centimeters  must  be  added  to  the 
total  height  of  the  shoot  as  recorded  in  the  tables.     In  those  cases 
in  which  the  cotyledons  were  not  opposite,  the  length  of  the  hypoco- 
tyl  was  measured  to  the  insertion  of  the  lower  cotyledon.     The  length 
of  the  internodes  were  taken  from  the  lower  part  of  one  node  to  the 
lower  part  of  the  next  higher  or,  in  the  case  of  the  upper  internode, 
to  the  growing  point.  A  centimeter  rule  was  used  and  the  measure- 
ments were  read  to  the  nearest  millimeter.     From  the  record  of  these 
daily  measurements,  the  daily  growth  increments  given  in  the  tables 
were  obtained. 

When  a  shoot  showed  no  growth  since  the  previous  day  its 
diameter,  one  centimeter  below  the  insertion  of  the  cotyledons,  was 
taken  by  means  of  a  vernier  callipers.  The  seedling  was  then  removed 
from  the  soil  or  the  water,  the  root  was  washed,  superficially  dried, 
and  separated  from  the  shoot.  Then  the  fresh  weights  of  root  and 
shoot  were  obtained.  These  parts  were  dried  to  constant  weight  in  an 
electric  oven.  All  weights  were  read  to  the  fourth  decimal  place. 

The  data  for  the  several  series  are  given  in  Tables  1  to 
47.  Data  are  given  for  individual  seedlings  grown  at  the  temperature 
25°G;  for  those  grown  at  £0°  and  30°G ,  the  data  given  consists  of 
averages,  taken  in  most  cases  from  eight  seedlings.     In  a  few  cases, 
where  germination  was  poor,  or    seedlings  were  discarded  because  of 
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abnormality  or  acoident,  the  averages  include  a  smaller  number. 
Measurements  of  seedlings  were  taken  to  tenths  of  centimeters,  but 
the  calculation  of  averages  was  made  to  the  third  decimal  place  and 
are  recorded  to  the  second. 

III.  DISCUSSION 
Daily  observation  of  the  seedlings  made  evident  a  striking 
correlation  between  the  amount  and  rate  of  growth  and  the  specific 
gravity  and  size  of  the  seed.     So  marked  and  regular  is  the  correla- 
tion that  it  was  possible,  as  a  rule,  to  select  the  seedlings  from 
seeds  of  certain  densities  and  sizes  by  their  general  appearance. 
This  was  especially  true  for  the  seedlings  from  seeds  of  Densities  2 
and  3,  for  these  appeared  more  uniform  in  size  and  consequently  in 
the  rate  of  growth.     They  were  also  more  sturdy  and  of  a  deeper  yel- 
low color  than  those  from  seeds  of  the  lower  densities.  Now  and  then 
a  group  from  Density  4  would  be  mistaken  for  those  of  the  higher  den- 
sities.    This  is  apparently  in  agreement  with  the  results  that  De- 
grully  (  8  )  obtained  in  his  work  with  wheat.     He  found  that  the 
plants  from  the  denser  grains  were  greener,  more  vigorous,  and,  during 
their  early  growth,  showed  a  great  superiority  over  those  from  the 
less  dense  grains.  Because  of  heavy  rains,  his  plants  of  both  groups 
suffered  greatly  from  rust  and  he  was  unable  to  make  comparisons  of 
the  final  growth.     A  study  of  the  data  as  recorded  in  the  tables 
shows  that  the  differences  noted  in  the  seedlings  are  not  differences 
of  appearance  only. 

Because  seedlings  from  seeds  of  all  sizes  and  densities 
were  grown  at  25°0  the  Tables  1  to  17  and  21  to  36  have  the  data  giv- 
en for  individual  seedlings.  A  comparison  of  individuals  is  not  under- 
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taken  because  that  would  lead  to  a  study  of  individual  variation. 
In  order  to  show  the  superiority  of  some  groups  over  others,  the 
groups  will  "be  compared  in  respect  to  their  average,    maximum  and 
minimum  values.  Because  of  differences  between  the  seedlings  grown 
in  water  and  those  grown  in  soil  each  culture  will  be  studied  sepa- 
irately. 

1.  Relati on  of  Growth  to  Speoi f ic  Gravity  of  Seeds , at  25°C. 
a.  Water  Culture* 

Size,  -  A  comparison  of  average  values  for  the  seedlings 
grown  in  water,  at  temperature  25°0  can  be  most  readily  obtained  by 
a  study  of  Tables  18  to  20;  for  the  maximum  and  minimum  values, 
Tables  1  to  17. 

An  examination  of  the  average  values  for  the  heights  of 
the  shoots  shows  that  the  greatest  and  second  greatest  average 
heights  of  seedlings  from  seeds  of  each  of  the  three  size  groups  are 
for  seedlings  from  seeds  of  Density  1,  2  or  3.     These  average  heights 
are  graphically  shown  in  Plate  I.  In  the  hypocotyl  and  first  inter- 
node  no  correlation  between  average  length  and  specific  gravity  of 
seed  is  apparent,  but  a  direct  relation  does  exist  between  these  fac- 
tors in  the  second  and  third  internodes,  in  that,  the  lower  the  den- 
sity of  the  seed,  the  shorter  the  internodes.  Fourth  internodes  de- 
veloped only  in  seedlings  from  seeds  of  Densities  1  and  3.  There  is 
also  a  direct  relation  between  average  diameter  of  seedlings  and  spe-J 
cific  gravity  of  the  seeds;  the  seedlings  from  the  denser  seeds  are 
larger  in  average  diameter  than  those  from  the  less  dense. 

In  studying  the  maximum  and  minimum  values  of  seedlings 
from  seeds  of  the  several  densities.  Tables  1  to  17  are  used. For  the 
small  seeds,  the  greatest  shoot  height  is  that  of  a  seedling  (Mo. 34, 
Table  5)  from  a  seed  of  Density  5.  The  second    in  height  (Ho.  24,  j 
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Table  3)  is  from  a  seed  of  Density  3.     For  the  medium  seeds,  the 
three  tallest  seedlings  of  the  series  are  from  seeds  of  Density  3 
(Nos.  18,  £1  and  23,  Table  9).     The  two  tallest  seedlings  (Nos.  6 
and  7,  Table  14),  from  the  large  seeds  are  of  seeds  of  Density  2, 
the  third  tallest  (No.  10,  Table  15),  from  a  seed  of  Density  3. 

As  in  the  case  of  the  average  length  of  hypocotyls  and 
first  internodes  so  here,  there  exists  no  definite  relation  between 
maximum  lengths  of  seedlings  of  the  different  groups  and  specific 
gravity  of  seed.     In  the  second  and  third  internodes,  the  maximum 
lengths  for  the  several  series  are  in  every  case,  in  seedlings  from 
seeds  of  one  of  the  three  highest  densities.  There  is  a  marked  dif- 
ference between  the  maximum  lengths  of  these  internodes  in  the  seed- 
lings from  seeds  of  the  higher  and    lower  densities.  While  in  aver- 
age values,  the  diameter  of  the  shoot  varied  with  the  density,  this 
does  not  hold  true  for  the    maximum  values. 

With  but  few  exceptions  the  minimum  values  for  shoot  height 
and  diameter  are  found  in  seedlings  from  seeds  of  Density  5  or  6, 
usually  the  latter. 

From  these  comparisons  we  may  conclude  that,  for  seedlings 
grown  in  water  at  a  temperature  of  25° G. 

(1)  The  greatest  height  and  diameter  of  shoot  are  found  in 
seedlings  from  seeds  of  Densities  1,  2  and  3;  in  Density  2  or  3  more 

often  than  in  1; 

(2)  The  lower  the  density,  the  shorter  the  second  and 

third  internodes. 

Weight. -  That  weight  is  related  to  density  is  clearly  seen 
from  a  study  of  the  tables.  The  average  weight  values  are  considered 
in  Tables  18  to  20.     In  the  case  of  the  fresh  weights  of  roots, 


shoots  and  plants  for  seedlings  from  the  large  and  the  small  seeds, 
the  three  greatest  average  v/eights  for  each  size  group  are  found  in 
the  seedlings  of  the  three  highest  densities.   For  the  medium  seeds, 
the  highest  average  fresh  root  weight  i s  in  the  seedlings  from  seeds 
of  Density  4,  hut  the  second  highest  is  in  those  of  Density  1.  The 
highest  average  values  for  fresh  shoot  and  fresh  plant  weights  for  th< 
seedlings  from  these  medium  seeds  are  in  those  of  the  three  highest 
densities  as  was  the  oase  for  the  seedlings  from  the  small  and  large 
seeds. 

The  maximum  fresh  root  weight  for  the  small  seeds  is  found 
in  a  seedling  (No.  19,  Table  3)  from  a  seed  of  Density  3;  for  the 
medium  seeds  (No.  25,  Table  10),  from  a  seed  of  Density  4;  and  for  the 
large  seeds,  (No.  3,  Table  14),  from  a  seed  of  Density  2.     The  maxi- 
mum fresh  shoot  weight  for  the  small  seeds  is  that  of  a  seedling 
(No.  5,  Table  l),from  a  seed  of  Density  l;for  medium  seeds  (No.  1, 
Table  7),  of  Density  1;   for  large  seeds  (No.  9,  Table  15),  of  Density 
] 3.     The  maximum  fresh  plant  weights  for  seedlings  from  the  small  and 
the  medium  seeds  are  for  those  from  seeds  of  Density  1;  for  the  large 
seeds,  for  one  from  a  seed  of  Density  2.     The  minimum  fresh  weights 
are  usually  the  weights  for  seedlings  from  seeds  of  Density  5  or  6. 

A  better  idea  of  the  actual  amount  of  growth  can  be  obtained 
from  the  dry  weights  than  from  the  fresh  weights.  For  the  seedlings 
from  seeds  of  each  size  group,  the  three  highest  average  dry  weights 
for  roots,  for  shoots  and  for  plants,  are  in  the  seedlings  from  seeds! 
of  the  three  highest  densities.  These  average  v/eights,  however,  do  not! 
vary  directly  as  the  densities,  for  the  highest  value  is  sometimes  inj 
seedlings  from  seeds  of  Density  3,  sometimes  in  those  from  seeds  of 

(Density  1  or  2.  Plate  II  represents  the  average  dry  weights  for  the 
seedlings  of  each  group. 
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The  maximum  dry  root  weights  for  seedlings  from  the 
small,  the  medium  and  the  large  seeds  are  in  seedlings  from  seeds  of 
Densities  3,  1  and  2  respectively.  The  maximum  dry  shoot  weights, 
and  also  the  maximum  dry  plant  weights  are  for  seedlings  from  seeds 
of  Density  1,  for  those  from  the  small  and  the  medium  seeds, and  Den- 
sity 2  for  those  from  large  seeds.  The  minimum  dry  weights  are, as  a 
rule,  in  seedlings  from  seeds  of  Densities  5  and  6. 

From  these  faots  we  may  conclude; 

(1)  That,  with  the  exception  of  the  roots  from  the  medium 
seeds,  the  greatest  fresh  weights  are  in  seedlings  from  seeds  of  the 
three  highest  densities. 

(2)  The  greatest  dry  weights  are  also  in  seedlings  from 
seeds  of  the  three  highest  densities. 

Comparison  of  weights. -  There  is  little  correlation  between 
the  relation  of  dry  to  fresh  weight  and  the  specific  gravity  of  the 
seed.     It  is  apparent,  however,  that  in  the  seedlings  from  seeds  of 
Density  3  the  average  percentage  which  the  dry  weights  of  root,  shoot 
and  plant  is  of  the  fresh  weights  of  the  corresponding  members  is  as 
great,  sometimes  greater,  than  that  of  any  other  density. 

The  average  percentage  which  the  dry  plant  weight  i s  of  the 
seed  weight  is  always  higher  for  the  seedlings  of  seeds  of  Density  6 
than  for  those  from  seeds  of  Density  1;  in  most  cases  it  is  also  high- 
er than  for  those  from  seeds  of  Density  3.     This  higher  percentage 
shows  that  although  in  size  and  weight  the  seedlings  from  seeds  of 
Density  6  are  inferior  to  those  of  other  densities,  the  seedlings 
from  seeds  of  Density  6  make  the  best  use  of  the  reserve  food  in  the 
seed. 

Rate  of  growth. -  Not  only  is  the  amount  of  growth  related 
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to  the  specific  gravity  of  the  seed  hut  there  also  exists  a  relation 
between  the  rate  of  growth  and  the  specific  gravity  of  seed.  Consid- 
ering the  rate  of  growth  as  shown  by  the  daily  growth  increments  we 
find  that,  in  general,  seedlings  from  seeds  of  the  higher  densities 
have  a  greater  growth  rate  than  those  from  seeds  of  the  lower  densi- 
ties.    The  greatest  average  daily  increment  for  the  small  seeds,  5.8 
cm,  was  made  on  the  second  day  after  being  placed  in  the  constant 
temperature  case  by  the  seedlings  from  seeds  of  Density  6.     For  the 
medium  seeds,  the  greatest  average  daily  increment,  7.63  cm,  was  made 
on  the  second  day  by  seedlings  from  seed  of  Density  3;  and  for  the 
large  seeds,  an  average  daily  growth  of  6.85  cm  was  made  on  the  third 
day  by  seedlings  from  seeds  of  Density  1.  The  maximum  daily  growth  in- 
crement of  the  seedlings  from  small  seeds  is  7  cm,  made  on  the  second 
day  by  a  seedling  (No.  £0,  Table  3)  from  a  seed  of  Density  3;  the  max- 
imum for  the  medium  seeds  is  9.3  cm,  made  on  the  second  day  by  a  seed- 
ling (No.  21,  Table  9)  also  from  a  seed  of  Density  3.     For  the  large 
seeds,  the  maximum  increment  7.7  cm  was  made  on  the  third  day  by  a 
seedling  (No.  6,  Table  14)  from  a  seed  of  Density  2.     The  average 
rate  of  growth  often  decreases  more  rapidly  in  the  seedlings  from 
seeds  of  the  lower  densities  and  although  the  total  height  of  the 
seedlings  from  these  densities  is  less  than  that  for  those  from  the 
denser  seeds,  growth  usually  continues  for  as  many  days  as  in  seed- 
lings from  the  seeds  of  higher  densities, 
b.  Soil  Culture. 

The  data  for  seedlings  grown  in  soil  at  temperature  25°C 
is  given  in  Tables  21  to  40.     Tables  21  to  37  contain  the  records  of 
the  individual  seedlings  while  the  average  values  are  shown  in 
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Tables  38  to  40.     Because  of  the  limited  number  of  large  seeds  of 
Densities  1  and  6  none  were  grown  in  soil. 

Size--  Proceeding  as  in  the  discussion  of  the  seedlings 
grown  in  water,  we  find  the  greatest  average  shoot  heights  for  the 
small,  the  medium  and  the  large  seeds  respectively,  are  for  seedlings 
from  seeds  of  Densities  1,  3  and  3.     The  highest  shoot  from  the  small 
seeds  is  that  of  a  seedling  from  seed  of  Density  4,  the  second  high- 
est, of  Density  1;  the  two  highest  for  the  medium  seeds  are  from  seeds 
of  Density  3;  the  highest  for  the  large  seeds  is  from  Density  £  while 
the  second  highest  is  from  Density  3.     The  minimum  value  for  each  size 
group  is  in  a  seedling  from  seed  of  the  lowest  density. 

No  correlation  exists  between  density  and  average  and  max- 
imum length  of  hypocotyl  and  first  internode.  The  lengths  of  the  sec- 
ond and  third  internodes  vary  as  the  density  of  the  seeds.  No  seed- 
lings grown  in  soil  developed  a  fourth  internode.  As  to  the  diameter, 
we  find  the  average  size  varies  as  the  density  of  the  seed;  the  max- 
imum values  are  also  in  the  diameters  of  the  seedlings  from  seeds  of 
the  higher  densities. 

In  so  far  as  size  of  seedling  is  concerned,  the  results 
agree  in  general  with  those  for  water  grown  seedlings, -- 

(1)  The  greatest  height  and  diameter  of  shoot  is  found  in 
seedlings  from  the  seeds  of  densities  1,  £  and  3.     More  often  in  seed- 
lings from  Densities  £  or  3  than  Density  1. 

(2)  The  length  of  the  second  and  third  internodes  vary  as 

the  density  of  the  seed. 

Weight.  -  There  is  more  variation  in  the  fresh  weight  of 
soil-grown  seedlings  than  in  those  grown  in  water.  This  is  especially 
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true  in  the  root  weight.     In  the  roots  of  seedlings  from  small  seeds 
the  greatest  average  and  maximum  weights  are  for  those  from  the  high- 
er densities  and  the  minimum  weights  are  in  those  of  lower  densities, 
hut  no  general   relation  seems  to  exist  between  fresh  root  weight  and 
specific  gravity  for  seedlings  from  the  medium  and  large  seeds. 

In  the  fresh  shoot  weights  we  have  the  greatest  average 
weights  for  the  small,  the  medium  and  the  large  seeds  in  those  from 
seeds  of  Densities  1,  2  and  3  respectively.  The  maximum  fresh  weight 
for  each  size  group  is  in  a  seedling  from  a  seed  of  Density  3  while 
the  minimum  weights  are  in  those  from  Densities  5  or  6,  usually  6.  In 
the  fresh  plant  weights  we  find  the  same  order  as  in  the  shoot  weights 
the  greatest  average  weights  for  small,  medium  and  large  seeds  are  in 
seedlings  from  seeds  of  Densities  1,  2  and  3  respectively;  while  the 
maximum  weight  for  each  group  is  in  a  seedling  from  a  seed  of  Density 
3;  the  minimum  weights  are  in  those  of  Density  5  or  6,  usually  6. 

In  the  dry  weights  we  find  a  definite  relation  between  den- 
sity and  weight.  This  correlation  with  plant  weight  is  graphically 
represented  in  Plate  III.  Without  exception  the  highest  average  and 
maximum  weights  for  each  size  group  are  in  the  seedlings  from  seeds 
of  Densities,  1,  2  or  3.     This  statement  holds  true  for  dry  weights 
of  root,  shoot  and  plant.  Moreover,  the  second  highest  average  and 
maximum  weights  are  in  most  cases  also  in  seedlings  from  seeds  of 
these  higher  densities.  The  lowest  average  and  minimum  weights  are 
for  seedlings  from  seeds  of  the  lower  densities. 

Comparison  of  weights. -    The  facts  pointed  out  for  seedling 
grown  in  water  with  respect  to  correlation  between  dry  and  fresh 
weights  and  specific  gravity  of  seed  hold  true  for  those  grown  in 
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soil.     The  seedlings  from  seeds  of  Density  6  lead  in  making  the  best 
use  of  their  reserve  food  as  was  the  oase  in  the  water  culture. 

Kate  of  growth. -  A  study  of  the  daily  growth  increments  al- 
so points  to  a  superiority  of  the  seedlings  from  the  denser  seeds.  In 
the  case  of  average  daily  increments  (Tables  37-39)  we  find  the  great- 
est average  increment  for  the  small  seeds  is  7.56  cm  on  the  third  day 
for  seedlings  from  seed  of  Density  1;  for  medium  seeds,  8.9  cm  on  the 
second  day  by  those  from  seeds  of  Density  3;  for  large  seeds,  7.67  cm 
on  the  second  day  by  those  from  seeds  of    Density  1.  From  Tables  21- 
36  we  obtain  as  maximum  daily  increments,  for  small  seeds,  8.5  cm  on 
the  third  day  by  a  seedling  from  a  seed  of  Density  1;  for  medium 
seeds,  10  cm.  on  the  second  day  by  two  seedlings  from  the  seeds  of 
Density  5  and  one  from  those  of  Density  3;  for  the  large  seeds,  10.1 
cm.  on  the  second  day  by  a  seedling  from  seed  of  Density  1. 

Summing  up  the  results  from  the  data  for  seedlings  grown  in 
water  and  in  soil  at  25°G  we  find  the  following  relations  exist  be- 
tween specific  gravity  and  growth: 

(1)  The  greatest  height  and  diameter  of  shoot  are  found  in 
the  seedlings  grown  from  seeds  of  the  three  highest  densities; 

(2)  The  higher  the  density  of  the  seed,  the  longer  the 
second  and  third  internodes; 

(3)  As  a  rule,  the  seedlings  from  the  denser  seeds  have  the 
highest  fresh  weight; 

(4)  The  greatest  dry  weight  is  always  found  in  seedlings 
from  seeds  of  the  three  highest  densities; 

(5)  The  seedlings  from  the  higher  densities  show,  on  the 
whole,  a  greater  rate  of  growth  than  do  those  from  seeds  of  the  lower 
dens  iti  es. 


2.  Relation  of  Growth  to  Size  of  Seed,  at  25°G. 

Si_ze_.  -  That  a  definite  relation  exists  between  size  of  seed 
and  amount  and  rate  of  growth  is  shown  beyond  a  doubt  by  the  results 
of  these  experiments.     For  both  water  and  soil  cultures  the  seedlings 
from  small  seeds  are  smaller  than  those  from  medium  and  large  seeds 
in  height  and  in  diameter  of  shoot.  This  fact  in  regard  to  shoot 
height  is  clearly  shown  in  Plates  I  and  III.     From  these  plates  we 
see  that  the  seedlings  from  small  seeds  are  not  only  shorter  than 
those  from  medium  seeds  of  the  same  density  but  the  seedlings  from 
the  small  seeds  of  the  highest  density  are  shorter  than  those  from 
the  medium  seeds  of  the  lowest  densities.     Both  the  numerical  data 
and  these  plates  show  that  there  is  less  difference  in  height  between 
the  seedlings  from  medium  and  large  seeds  than  there  is  between  those 
from  medium  and  small  seeds.  The  average  heights  for  seedlings  from 
the  medium  seeds  from  Densities  3  and  5  (Table  19)  are  greater  than 
those  from  the  large  seeds  (Table  20)  of  the  same  densities.  The  max- 
imum heights  for  seedlings  of  Densities  1,  3  and  5  (Tables  7,  9  and 
11)  are  also  greater  than  the  maximum  heights  for  the  large  seeds 
(Tables  13,  15  and  17)  of  the  same  densities. 

There  is  a  greater  difference  between  the  diameters  of  the 
seedlings  from  small  and  medium  seeds  than  between  those  from  medium 
and  large  seeds.  The  lengths,  both  average  and  maximum,  of  the  hypo- 
tyls  in  seedlings  from  the  medium  seeds  are  greater  than  those  of  the 
small  or  large  seeds.  There  is  little  difference  in  the  case  of  soil 
grown  seedlings  in  the  hypocotyl  lengths  of  seedlings  from  small  and 
large  seeds.  There  is  less  difference  between  the  length  of  the 
second  and  third  internodes  of  seedlings  from  medium  and  large  seeds 
than  between  those  from  medium  and  small  of  the  same  density. 


17  | 

Weight . -  From  the  data  given  for  fresh  root  weight  (Tables 
18  to  20)  for  water  culture,  we  find  that  the  average  weight  for  seed 
lings  from  the  small  seeds  of  Density  3  is  greater  than  that  of  those 
from  the  medium  or  large  seeds  of  like  density.  The  average  weight 
for  seedlings  from  small  seeds  of  Density  2  is  greater  than  that  of 
those  from  the  medium  seeds  of  this  density.  Again,  the  average  weight 
for  seedlings  from  medium  seeds  of  Densities  4  and  5  is  greater  than 
that  of  those  from  large  seeds  of  these  respective  densiti es.The 
fresh  weights  for  shoots  and  plants  vary,  for  equal  densities  as  the 
size  of  the  seeds. 

The  dry  weights  for  seedlings  grown  in  water  also  show  a 
relation  to  size  of  seed.  In  the  roots  of  seedlings,  those  from  the 
small  seeds  of  Density  3  nearly  equal  in  average,  minimum  and  maximum 
dry  weights  the  roots  from  medium  seeds  of  equal  density.  As  between 
medium  and  large  seeds,  seedlings  from  medium  seeds  of  Density  4  sur- 
pass those  from  the  large  seeds  in  minimum  and  average  weight;  and 
seedlings  from  medium  seeds  of  Density  5  surpass  those  from  large 
seeds  in  average  and  maximum  dry  root  weight.  In  general,  however, the 
weights  of  seedlings  grown  in  water  from  seeds  of  equal  densities  "vary 
as  the  size  of  the  seed.  The  comparison  of  average  dry  plant  weight 
is  given  graphically  in  Plate  II. 

Turning  now  to  the  data  for  average  values  in  soil  grown 
seedlings  (Tables  37  to  39)  we  find  that,  except  for  the  average 
weights  of  seedlings  from  medium  seeds  of  Density  2,  all  average  fresh j 
weights  vary  as  the  size  of  the  seeds  provided  they  are  equal  in  den- 
sity. In  the  exception  just  cited  the  average  weights  for  seedlings 
from  medium  seeds  is  greater  than  that  for  those  of  the  large  seed  in 
the  case  of  root,  shoot  and  plant  weights.  With  but  one  exception, 


again  in  Density  2,  all  dry  root,  shoot  and  plant  weights  vary  as 
the  size  of  the  seeds  provided  we  compare  seedlings  from  seeds  of  th< 
same  density.  Plate  IV  represents  the  average  dry  plant  weights  for 
soil  grown  seedlings. 

Qompari  son  of  weights. -  In  general,  the  percentage  whioh 
the  dry  weight  of  shoot  and  plant  is  of  the  fresh  weight  of  like  mem- 
her  is  greater    for  seedlings  from  the  large  seeds  than  from  the 
medium  or  the  small  seeds.     The  percentage  which  the  dry  plant  weigitj 
is  of  the  seed  weight  is  also  higher  for  seedlings  from  the  large 
seeds  than  from  the  medium  or  small  seeds. 

Rate  of  growth. -  That  the  rate  of  growth  is  also  influenced 
hy  the  size  of  the  seed  is  shown  by  the  daily  growth  increments.  For 
water  culture  seedlings  the  average  daily  increments  (Tables  18  to 
£0)  on  the  second  and  third  day  are  greater  for  the  seedlings  from 
medium  seeds  than  for  those  of  either  small  or  large  seeds  of  like 
density.  The  greatest  average  daily  increments,  except  in  seedlings 
from  large  seeds  of  Densities  1  and  2,  are  found  in  the  seedlings 
from  the  medium  seeds.  The  maximum  daily  increment  occurs  on  the  sec- 
ond day  in  seedlings  from  the  small  and  the  medium  seeds  but  not  un- 
til the  third  day  for  those  from  the  large  seeds.  The  same  superior- 
ity in  the  rate  of  growth  for  seedlings  from  the  medium  seeds  grown 
in  soil  is  seen  from  Tables  37  to  39. 

In  so  far  as  amount  and  rate  of  growth  are  influenced  by 
the  size  of  the  seed,  we  find: 

(1)  The  amount  of  growth  varies  with  the  size  of  the  seed; 

(2)  There  is  more  variation  in  amount  of  growth  between 
small  and  medium  seeds  than  between  medium  and  large  seeds; 

(3)  The  rate  of  growth  of  seedlings  from  medium  seeds  is 

greater  than  that  for  those  of  small  or  large  seeds  of  equal  density. 
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3.  Temperature  in  Relati on  to  Speci f  ic  Gravi ty  and  Size 

of  Seed, 

It  is  not  the  intention  to  discuss  in  detail  growth  at  20° 
and  30°C,but  rather  to  determine  whether  conclusions  drawn  for  temper 
ature  25°  may  be  applied  to  seedlings  from  similar  seeds  grown  at 
20°  and  30°C  respectively.     Because  of  the  limited  number  of  large 
seeds  no  data  is  available  save  at  25°C.     The  discussion  will  be  con- 
fined to  a  consideration  of  average  values.     The  data  for  seedlings 
grown  at  20°0  are  found  in  Tables  40  to  43,  that  for  those  grown  at 
30°0  in  Tables  44  to  47. 

a.  Growth  as  Related  to  Specific  Gravity. 

A.  study  of  the  above  tables  shows  that  with  but  few  excep- 
tions the  conclusions  drawn  for  the  relation  of  growth  to  the  specific 
gravity  of  the  seed,  for  temperature  25°G  are  also  true  for  tempera- 
tures 20°  and  30°.    At  25°G  there  was  no  correlation  evident  between 
length  of  hypocotyl  and  specific  gravity  of  seed;  at  20°,  however, the 
greatest  average  length  of  hypocotyl  in  seedlings  grown  in  soil  appear 
in  those  of  -Densities  1,  2  and  3. 

At  25°0,  the  percentage  of  the  dry  plant  weight  to  the  seed 
weight  is  higher  for  seedlings  from  seeds  of  Density  6  than  for  those 
from  seeds  of  Densities  1  and  2.     At  20°C,  this  is  true  only  for  seed- 
lings grown  in  water,  and  at  30°G ,  it  applies  solely  to  seedlings 
from  medium  seeds  grown  in  water. 

b.  Growth  as  Related  to  Size  of  Seed. 

The  seedlings  grown  at  30°0  show  the  same  correlation  be- 
tween growth  and  size  of  seed  as  is  shown  by  those  grown  at  25°C.  For 
the  seedlings  grown  at  20°G ,  however,  the  following  points  of  differ- 
ence seem  evident,-- 
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(1)  The  average  heights  and  average  weights  of  seedlings 
from  small  seeds  are  more  nearly  equal  to  the  similar  average  values 
of  seedlings  from  medium  seeds  of  like  densities,  at  20°G  than  at 
25°0.     In  a  few  cases  the  average  values  for  seedlings  from  small 
seeds  exceed  those  for  seedlings  from  medium  seeds. 

(2)  From  the  total  dry  weight  it  may  be  inferred  that  at 
20°0  the  seedlings  from  small  seeds  use  their  reserve  material  to 
better  advantage  than  those  from  the  medium  seeds. 

(3)  At  20°C ,  the  greater  rate  of  growth  is  shown  by  seed- 
lings from  the  small  seeds. 

4.  Some  Comparisons  of  Seedlings  Crown  in  Water  and  Soil. 

a.  Water  Content. -  The  relation  of  the  dry  weights  to  the 
fresh  weights  shows  a  difference  in  the  relative  water  content  of 
seedlings  from  seeds  of  equal  size  and  density  grown  in  water  and' 
soil.     The  percentage  of  the  dry  root  weight  to  the  fresh  root  weight 
is  greater  for  the  seedlings  grown  in  soil;  that  of  the  dry  shoot 
and  plant  weights  to  the  fresh  shoot  and  plant  weight  is  greater  for 
those  grown  in  water. 

The  stems  of  the  seedlings  grown  in  soil  v/ere  brittle 
while  those  grown  in  water  could  be  coiled  without  breaking. 

b.  Roots. -  The  root  system  of  the  seedlings  grown  in  soil 
was  very  much  larger  than  that  of  seedlings  grown  in  water.     In  the 
majority  of  the  soil  culture  seedlings  the  primary  root  soon  ceased 
to  elongate  and  the  main  part  of  the  root  system  consisted  of  sev- 
eral long,  lateral  roots  arising  from  near  the  base  of  the  main 
root.     In  the  seedlings  grown  in  water  the  primary  root,  although 
comparatively  short,  was  the  main  part  of  the  root  system.  Several 
short  lateral  roots  developed  near  the  base  of  the  root  and  also 
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lower  down  on  the  primary  root. 

5.  Qorrelati  on  of  We ight  and  Position  of  Cotyledons . 
Harris  (6)  in  an  article  on  Interrelationships  in  Phaseo- 

lus,  states  that  the  green  and  dry  weights  of  the  primordial  and 
first  compound  leaves  of  plants  whose  ootyledons  are  not  inserted  at 
the  same  level  of  the  axis  are  le~s  than  those  of  normal  plants.  No 
suoh  correlation  exists  for  the  fresh  and  dry  weights  of  the  seed- 
lings recorded  here.     Numerous  examples  of  this  "abnormality"  as 
Harris  calls  it,  occurred  but  no  account  was  taken  of  them  unless  the 
difference  in  level  was  at  least  2mm,  in  some  exceptional  cases  it 
was  as  much  as  18mm.     That  no  such  correlation  exists  in  these  seed- 
lings is  shown  by  a  comparison  of  the  root,  shoot,  and  plant  weights 
of  an  abnormal  seedling  with  the  corresponding  average  weights  of  the 
group  to  which  it  belongs.  Such  a  comparison  shows  that  the  weights 
of  the  seedling  are  sometimes  above  and  sometimes  below  the  average 
weights.  A  few  seedlings,  selected  at  random,  which  show  this  abnor- 
mality are  Nos.  4  and  5,  Table  1;  Noss.  12  and  14,  Table  2;  Nos.  18 
and  22,  Table  3;  Nos.  27,  Table  4;  No.  42,  Table  12;  No.  5,  Table  14; 
No.  9,  Table  15;  Nos.  16  and  23,  Table  23;  and  No.  33,  Table  25. 

6.  Quintile  Jistributi  ons . 

An  article  by  Pearl  and  Surface  (13)  on  "Growth  and  Varia- 
tion in  Maize"  states,  on  page  120,  "There  is,  then,  a  marked  tenden- 
cy for  the  plants  which  were  relatively  small  at  the  beginning  of  the 
season  to  have  remained,  on  the  average,  relatively  small  throughout 
most  of  the  season."    Or,  to  quote  further  (page  170),  "Extreme  var- 
iants at  the  beginning  of  the  season  tend  strongly,  on  the  whole,  to 
remain  extreme  variants  during  the  whole  season."    This  tendency  is 
said  to  be  due  to  the  effect  of  internal  rather  than  to  external 
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stimuli . 

Reed,  (14)  in  studying  growth  and  variability  in  Helian- 
thus ,  follows  the  method  of  argument  of  Pearl  and  Surfaoe  and  con- 
cludes that,  "Plants  which  started  in  a  given  quartile  shov/ed  a  well 
marked  tendency  to  remain  in  that  quartile  during  the  entire  grand 
period  of  growth.  Plants  which  were  small  at  maturity  were  generally 
small  from  the  beginning,  those  which  were  large  at  maturity  had  a 
well-marked  superiority  from  the  start."    He,  too,  thinks  plants 
show  this  tendency  because  of  inherent  factors. 

In  order  to  determine  whether  the  seedlings  used  in  the 
present  experiments  revealed  similar  traits  the  data  for  all  seed- 
lings which  were  grown  in  water  and  which  were  placed  in  the  25° 
temperature  case  on  the  sixth  day  after  placing  them  to  germinate, 
were  collected.    A  group  of  75  seedlings  containing  individuals  from 
seeds  of  all  densities  and  sizes  was  thus  obtained.     The  heights  of 
these  seedlings  on  each  successive  day  and  the  density  and  size  of 
the  seeds  from  which  each  grew  are  given  in  Table  49.     The  seedlings 
are  arranged  and  numbered  according  to  their  size  on  the  first  day, 
that  is,  on  the  day  they  were  placed  in  the  constant  temperature 
case  and  six  days  after  planting.     Following  the  method  given  in  the 
articles  cited,  these  75  seedlings  are  arranged  in  five  groups,  or 
quintiles,  according  to  their  size  on  the  first  day.     In  order  to 
avoid  having  seedlings  of  the  same  size  fall  in  two  different  quin- 
tiles, the  number  of  plants  in  the  quintiles  varies.  Thus,  Quintile 
I  contains  the  15  smallest  seedlings  on  each  day  of  measurement. 
Quintile  II  contains  the  16  next  larger;  Quintile  III,  the  17  next 
larger;  Quintile  IV,  the  12  next;  and  Quintile  V,  the  15  largest 
ones.     The  number  of  seedlings  in  the  respective  quintiles  was  main- 
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tained  during  the  growth  period.  In  but  two  oases,  after  the  initial 
distribution,  did  two  seedlings  fall  on  the  separating  line  of  con- 
tiguous quintiles.     In  these  oases  one  of  the  seedlings  was  arbi- 
trarily placed  in  the  next  higher  quintile.  The  quintile  distribu- 
tion for  each  successive  day  for  seedlings  starting  in  the  several  I 
quintiles  is  given  in  Tables  50  to  54.     These  tables  gave  the  total 
number  of  distributions,  excluding  those  of  the  first  day,  when,  of 
course,  all  distributions  were  in  the  particular  quintile  to  which 
the  seedlings  were  originally  assigned,  and  also  the  mean  quintile 
position  for  each  day.  A  study  of  the  tables  shows  that  by  the  sixth 
day  only  3  of  the  15  seedlings  which  started  in  Quintile  I  are  still 
in  this  quintile  and  by  the  tenth  day  only  2  remain.     Three  of  the 
15  reach  Quintile  V  by  the  ninth  day.     Out  of  the  total  of  165  dis- 
tributions only  42,  or  25.  5/o,  are  in  Quintile  I.  The  mean  quintile 
position  for  these  seedlings  changes  from  1  on  the  initial  day  to  3 
on  the  eleventh  and  twelfth  days.     This  final  mean  quintile  position 
is  above  the  general  mean,  which  owing  to  the  difference  in  the  num- 
ber of  seedlings  in  the  several  quintiles  is  2.95.     Only  18.8$  of 
the  total  number  of  distributions  for  seedlings  starting  in  Quintile 
II  fall  in  this  quintile.     For  Quintile  III  the  per  cent  is  20.9; 
for  Quintile  IV,  it  is  25;  and  for  Quintile  V,  25.5.     The  mean  quin- 
tile position  for  seedlings  starting  in  Quintile  V  drops  from  5  on 
the  first  day  to  2.87  on  the  ninth  day.  The  curves  for  the  mean 
quintile  positions  on  the  successive  days  are  plotted  in  Plate  V.  As 
is  to  be  expected  where  the  variation  can  be  in  either  of  two  direc- 
tions, there  is  a  smaller  shifting  of  the  mean  quintile  positions  in 
the  intermediate  quintiles  than  in  Quintiles  I  and  V.     From  the  pre- 
ceding facts  it  appears  that  seedlings  which  are  small  at  first  fce- 


quently  surpass  in  growth,  larger  ones  of  equal  age. 

Let  us  consider  now  the  specific  gravity  and  the  size  of 
the  seeds  from  which  these  75  seedlings  grew.  Of  the  15  seedlings 
which  started  as  the  smallest,  Quintile  I,  (Table  15),  7  are  from 
small  seeds,  1  from  a  medium  and  7  from  large  seeds.  The  £  seedlings 
which  remain  in  Quintile  I  on  the  last  day  are  from  small  seeds,  the 
4  in  Quintile  II  are  likewise  from  small  seeds.  The  seventh  seedling 
from  small  seeds  which  started  in  Quintile  I  is  from  a  seed  of  Den- 
sity 3  and  is  the  smallest  seedling  of  Quintile  III.  Of  the  3  seed- 
lings which,  starting  in  Quintile  I,  reach  Quintile  V,  all  are  from 
large  seeds;  the  £  largest  in  this  case,  are  from  seeds  of  Density  3, 
the  third  from  a  seed  of  Density  5.     The  £  seedlings  in  Quintile  IV 
are  also  from  large  seeds.  The  seedling  from  the  medium  seeds  is  in 
Quintile  III.  Of  the  16  seedlings  which  start  in  Quintile  II  (Table 
51),  10  are  from  small,  5  from  medium  and  1  from  large  seeds.     The  6 
seedlings  which  fall  back  into  Quintile  I  are  all  from  small  seeds. 
The  1  which  reaches  Quintile  IV  is  from  a  large  seed.     In  Quintile 
III,  (Table  5£ ) ,  7  of  the  original  17  are  from  small,  8  are  from 
medium  and  £  from  large  seeds.  The  3  seedlings  which,  starting  in 
Quintile  III  recede  to  Quintile  I,  are  from  small  seeds.  The  4  ending 
in  Quintile  II  are  also  from  small  seeds.  Of  the  5  which  end  in 
Quintile  V,  1  is  from  a  large  seed,  the  other  4  from  medium  seeds. 
The  second  seedling  from  large  seeds  starting  in  Quintile  III  falls 
just  below  Quintile  V.     All  of  the  seedlings  which  start  in  Quintile 
IV  (Table  53)  are  from  medium  seeds.     Of  the  5  which  reach  Quintile  V, 
£  are  from  seeds  of  Density  1  and  3  from  those  of  Density  3.     Ten  of 
the  15  seedlings  which  start  in  Quintile  V,( Table  54),  are  from  me- 
dium seeds,  the  other  5  are  from  small  seeds.     On  the  last  day,  3  of 
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those  from  small  seeds  are  the  seedlings  in  Quintile  I,  the  other 
2  are  in  Quintile  II.     Of  those  which  remain  in  Quintile  V,  1  is 
from  a  medium  seed  of  Density  1,  the  other  is  from  a  medium  seed  of  i 
Density  3. 

Out  of  the  75  seedlings  in  the  group  in  question,  29  are 
from  small,  36  from  medium  and  10  from  large  seeds.     Of  the  29  seed- 
lings from  small  seeds,   regardless  of  their  position  on  the  first 
day,  14  are  in  Quintile  I,  14  are  in  Quintile  II  and  1  is  in  Quin- 
tile III  on  the  last  day.  The  final  distribution  of  the  seedlings 
from  the  large  seeds  is  4  in  Quintile  V,  4  in  Quintile  IV  and  2  in 
Quintile  III.  From  the  foregoing  statements  the  following  conclu- 
sions seem  justified: 

(1)  Seedlings  which  are  small  at  first  frequently  surpass 
in  growth,  larger  ones  of  equal  age; 

(2)  The  size  and  specific  gravity  of  the  seeds,  chiefly 
the  former,  are  more  definitely  correlated  with  growth  than  is  the 
initial  height  of  seedlings  of  the  same  age. 

SUMMARY 

Common  garden  bean  seed  was  separated  into  6  groups  of 
different  densities  by  the  use  of  sodium  nitrate  of  1.32,  1.27, 
1.22,  1.17  and  1.12  specific  gravity.     The  seeds  of  each  of  the 
densities  were  then  grouped  according  to  length  into  small,  medium 
and  large. 

Seedlings  from  seeds  of  each  size  and  density  were  grown 
in  the  dark  at  25  c.     Seedlings  from  small  and  medium  seeds  of  each 
density  were  also  grown  in  the  dark  at  20°  and  30°. 

Daily  measurements  were  taken  and  from  this  data  the 
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daily  growth  increments  were  determined.     When  growth  ceased  both 
the  fresh  and  the  dry  weight  of  the  seedling  was  obtained. 
A  study  of  the  results  made  evident  that: 

(1)  Seedlings  grown  from  seeds  of  1.32,  1.27,  1.22,  1.17, 
1.12  and  1.12- specific  gravity  differ  in  amount  and  rate  of  growth. 

(2)  The  greatest  height  and  diameter  of  shoot,  also  the 
greatest  dry  weight,  for  seedlings  from  seeds  of  uniform  size  is 
found  in  those  grown  from  seeds  of  1.22,  1.27  and  1.32  specific 
gravity,  seeds  of  1.22  or  1.27  usually  ranking  first. 

(3)  The  greatest  fresh  weight  is,  in  general,  found  in 
seedlings  grown  from  seeds  of  1.32,  1.27  and  1.22  specific  gravity. 

(4)  The  lower  the  specific  gravity  of  the  seed  the  short- 
er the  second  and  third  internodes  of  the  seedlings  from  seeds  of 
equal  siza. 

(5)  The  greatest  rate  of  growth,  for  seedlings  from  seeds 
of  uniform  size,  is  usually  found  in  seedlings  from  seeds  of  1.32, 
1.27  or  1.22  specific  gravity. 

(6)  From  the  total  dry  weight  it  may  be  inferred  that 
at  25°G  the  seedlings  from  seeds  of  Density  6  use  their  reserve 
material  to  the  best  advantage. 

(7  J  Seedlings  grown  from  small,  medium  and.  large  seeds 
differ  in  amount  and  rate  of  growth. 

(8)  The  total  amount  of  growth  varies  directly  with  the 
length  of  the  seed. 

(9)  Size  and  weight  of  seedlings  from  seeds  of  uniform 
specific  gravity  show  a  wider  variation  (more  especially  at  25°  C) 
between  those  from  small  and  medium  seeds  than  between  the  ones 
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from  medium  and  large. 

(10)  Seedlings  from  seeds  of  medium  length  sho,r;  a  greater 
growth  rate  than  seedlings  from  either  small  or  large  seeds  of  equal 
specific  gravity. 

(11)  From  the  total  dry  weight  it  may  he  inferred  that, 
except  at  20°C,  seedlings  from  the  large  and  medium  seeds  use  their 
reserve  material  to  better  advantage  than  those  from  small  seeds. 

(12)  Seedlings  grown  in  water  contain  a  smaller  percent 
of  water  than  those  from  sejds  of  the  same  specific  gravity  and 
size  grown  in  soil.     They  ari;  also  less  brittle. 

(13)  The  root  system  of  seedlings  grown  in  soil  is  larg- 
er than  that  of  seedlings  grown  in  water. 

(14)  A  difference  in  level  in  the  insertion  of  the  coty- 
ledons on  the  axis  is  not  correlated  with  the  frash  and  dry  weights 
of  either  root,  shoot  or  plant. 

(15)  Seedlings  which  are  small  at  first  fnquently  sur- 
pass in  growth  larger  ones  of  equal  age. 

(16)  The  size  and  specific  gravity  of  the  seeo.s  are  more 
definitely  correlated  with  growth  than  is  the  initial  height  of 
seedlings  of  the  same  age. 

The  author  wishes  to  thank  Professor  Charles  Hottes, 
not  only  for  suggesting  the  problem,  but  also  for  his  kindly 
criticisms  and  helpful  suggestions  during  the  progress  of  the 
work. 
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Table  1 

Series  A 

.hater  Culture 

Small  Seeds 

Density  1  (1.52  Sp.Gr.) 

Temperature  25°C 

Daily  Growth  Increments 

in  Centimeters 

Mo. 

IH 

1 

2 

3 

4        5  6 

7 

8 

9 

10 

11  TH 

Hypoootyl 

T 
X 

o  ^ 
c .  o 

<C  .  U 

3.8 

1.7 

.1 

Q  Q 
7 

o 

T  9 
X  •  c 

T  A 

3.7 

5.1 

.7 

T  9  T 
X£  .X 

O 

«D  •  c, 

6  .  D 

4.6 

1.3 

.1 

IT  ft 
XX  . O 

A 

J.  »v 

1  V 
X  .  f 

4.1 

2.2 

Q  Q 

d 
9 

J.  .  X 

X  .ft 

3.5 

4.5 

.7  .1 

XX  »  O 

D 

J.  .  ft 

X  .  ft 

4.2 

3.0 

.2 

in  9 

n 

f 

JL  .  u 

t  n 
x .  u 

2.8 

5.1 

1.3 

T  T  9 
XX  .  C 

Q 

O 

O  K 

T  K 
X  .  O 

4.5 

3.5 

.3 

X  c  .  o 

Ave . 

1  on. 
X  •  CO 

T  CO 

X  .  DC 

O  .  v 

3.3 

.43  .01 

T  1  HQ 

xx  .uy 

First  Internode 

1 

rz 

.6 

2.4 

3.6     2.6  1.5 

•  2 

.1 

XX  .  o 

2 

o 
.  c 

.3 

1.1 

2.4    4.3  1.5 

.3 

•  2 

XU  .O 

3 

•  4 

.7 

2.5 

2.7     2.2  1.1 

.3 

Q  Q 

4 

•  o 

.6 

2.3 

4.1    3.2  1.2 

•4 

.2 

x&  .o 

5 

■  3 

.3 

.4 

4.8    4.0  1.8 

.4 

.1 

T  9  T 
Ifi  .X 

6 

•  2 

.6 

2.1 

3.8    2.3  1.0 

TO  O 
XU  .U 

7 

•  2 

.3 

.8 

3.0    3.9  2.5 

1.1 

.4 

TO  O 

8 

•  2 

•  4 

1.4 

3.2     2.5  2.1 

.9 

.3 

.1 

T  T  T 
XX  .X 

Ave  • 

o  c 
•  CO 

1.63 

3.45  3.13  1.59 

•  ftO 

T  A 
•  XO 

»ux 

T  T    1  R 
XX  .XO 

Second  Internode 

i 

.1       .2  .2 

.2 

ri 
•  ■ 

2 

.1       .3  .2 

.5 

.9 

.4 

•  1 

T         O  C 
•  X        d  •  D 

ry 
O 

.1 

.1 

o 
.  c 

A 

4 

.1 

.1       .2  .3 

.5 

.1 

.1 

T  A 

X  .ft 

5 

.1 

.1       .2  .5 

1.3 

1.0 

.4 

O 

.  c 

^  ft 

6 

.1 

.1       .2  .3 

.5 

.2 

.2 

1.6 

7 

.1       .1  .2 

•  3 

.4 

.9 

.3 

.3  2.6 

8 

.1  .1 

.1 

.3 

Ave. 

.04 

.1       .16  .21 

.41 

.35 

.25 

.08 

.05  1.65 

Third  Internode 

2 

.1 

.1 

.2 

4 

.1 

.1 

5 

.1 

.1 

.2 

7 

.1 

.1 

.2 

Ave. 

.01 

.01 

.05 

.01 

.03 
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Table  1  (Continued) 


Seed 

Daily  Growth  Increments 

in  Gentimeters 

No . 

IH 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11  TH 

Shoot 

2.3 

2.3 

4.4 

4.1 

3.8 

2.8 

1.7 

•  4 

.1 

21 .9 

2 

1.2 

1.6 

4.0 

6.2 

3.2 

4.6 

1.7 

.9 

1.2 

.4 

.1 

.1  25.2 

3 

3.2 

3.0 

6.3 

3.8 

2.9 

2.2 

1.1 

.3 

.1 

21.9 

4 

1.9 

2.0 

4.7 

4.6 

4.2 

3.4 

1.5 

.9 

.4 

.1 

23.7 

5 

1.1 

1.7 

3.8 

5.0 

5.6 

4.3 

2.4 

1.7 

1.2 

.4 

.2 

27.4 

6 

1.4 

1.6 

4.8 

5.2 

4.1 

2.5 

1.3 

.5 

.2 

.2 

21.8 

7 

1.0 

1.2 

3.1 

6.9 

4.4 

4.0 

2.7 

1.4 

,9 

1.0 

.3 

.3  26.2 

8 

2.5 

1.7 

4.9 

4.9 

3.6 

2.6 

2.1 

.9 

.4 

.1 

23.7 

Ave . 

1.83 

1.89 

4.37 

4.96 

3.98 

3.30 

1.81 

.88 

.56 

.27 

.07 

.C5  23.9 

ft  &  Length  Fresh  Yveight  Dry  Weight         Diam  Day 


Seed 

{  gram )  (  mm ) 

in  grams 

of 

in 

grams 

of  (mm) 

No. 

of 

seed 

Root 

Shoot 

Plant 

Root 

Shoot 

Plant 

1 

.2469 

11.3 

.3453 

1.2854 

1.6307 

.0180 

.0898 

.1078 

2.8 

6 

2 

.2985 

11.5 

.3825 

1.4531 

1.8356 

.0197 

.1089 

.1286 

2.6 

5 

3 

.1861 

9.4 

.2290 

.9962 

1.2252 

.0112 

.0679 

.0791 

2.3 

5 

4 

.3092 

10.8 

.3509 

1.6232 

1.9741 

.0184 

.1209 

.1393 

2.8 

5 

5 

.3409 

10.9 

.4224 

1.7924 

2.2148 

.0235 

.1327 

.1562 

2.7 

5 

6 

.2199 

10.3 

.3183 

1.1540 

1.4723 

.0139 

.0863 

.1002 

2.3 

5 

7 

.3009 

11.4 

.3074 

1.5216 

1.8290 

.0183 

.1147 

.1330 

2.9 

5 

8 

.2302 

10.1 

.2594 

1.2141 

1.4735 

.0132 

.0868 

.1000 

2.3 

5 

Ave . 

.2666 

10.7 

.3269 

1.3800 

1.7069 

.0170 

.1010 

.1180 

2.6 

5 

Average  day  cotyledons  were  shed  -  7.4 
IH  ■  height  when  placed  in  temperature  case. 

TH  =  total  height.  A  single  line  under  an  increment  indicates  the 
shedding  of  one  cotyledon;  a  double  line  the  shedding  of  both 
cotyle dons . 

Diam  =  diameter,  taken  on  the  day  growth  ceased t  one  centimeter 

below  the  insertion  of  the  cotyledons. 
Day  =  the  number  of  days  from  the  time  of  planting  the  seed  to  the 

time  of  placing  the  seedling  into  the  temperature  case. 
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Table  2 


Series  A  Yifater  Culture  Small  Seeds 

Density  2  (1.27  Sp.Gr.)  Temperature  25°C 


Seed 

Daily  Growth 

Increments 

in  Centimeters 

Ho. 

IH 

1 

2 

3 

4 

5  6 

7 

8 

9 

10      11  TH 

Hypo co tyl 

9 

1.6 

4.2 

5.5 

1.2 

.1 

12.6 

10 

1 .3 

3.8 

5.4 

2.3 

.3 

Xt>  •  J. 

11 

2.8 

5.0 

3.3 

•  7 

.1 

n  .9 

X  X  .  7 

12 

2.5 

4.3 

4.1 

1.1 

IPO 

13 

3.4 

.0 

2.3 

.5 

11.? 

14 

1.4 

tj  .  o> 

4.9 

1.7 

.1 

11  fi 

15 

1.0 

P 

4.9 

3.0 

.5 

1  P  A 

16 

.8 

<Z  A 
O  .fr 

5.4 

1.7 

•  b 

11  9 
XX  .  •? 

Ave 

.1 .85 

4 

4,47 

1.53 

.21 

IP  11 

First 

Intemode 

9 

A 
•  ft 

.9 

3.0 

4.2 

2.7  1.2 

•3 

IP  7 
X    •  T 

10 

•  o 

.3 

2.0 

3.4 

2.9  1.6 

•  6 

.1 

11  P 

11 

c 
•  O 

.9 

2.3 

3.3 

2.7  1.4 

.7 

.1 

11  Q 

12 

•  ft 

1.0 

1.9 

3.7 

2.8  1.4 

.3 

•  2 

11  'J 
-LJL  .  1 

13 

•  O 

1.4 

1.9 

4.5 

2.1  .9 

.3 

.2 

11  ft 
X-L  .  C 

14 

•  ft 

.8 

1.0 

3.7 

3.5  2.1 

.6 

.1 

.1 

IP  ^ 

15 

A 
•  ft 

.5 

1.9 

4.7 

3.2  1.1 

•4 

•  2 

X  C/  .  *± 

16 

-X 

.  c 

•4 

.7 

1.9 

3.6  2.8 

1.3 

•  6 

11  .6 

Ave 

• 

Ad 
•  ft\J 

•  77 

1.84 

3.68 

2.94  1.56 

.56 

.19 

.01 

1 1 .95 

S< 

acond 

Internode 

9 

.1 

.2 

•  1 

•  1 

.5 

10 

.1 

.1  .2 

.3 

•  5 

.1 

1 .3 

11 

.1 

.1  .1 

.3 

12 

.1 

.2 

.  J. 

•  2 

•  1 

.7 

13 

.1 

.2 

.2 

•  5 

.8 

•  2 

2.0 

14 

.1 

.1  .1 

T 
•  J. 

p 

.6 

15 

.2 

.2 

•  3 

.5 

.1 

.1  1.4 

16 

.1 

.1  .1 

.1 

.1 

.2 

.7 

Ave . 

.04 

.15 

.05  .13 

.£0 

.29 

.07 

.01  .94 

Third 

Internode 

10 

.1 

.1 

12 

.1 

.1 

13 

.1 

.1 

14 

.1 

.1 

15 

.1 

.1 

Ave 

• 

.01 

.03 

.03 

.06 
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Table  2  (Continued) 
Seed  Daily  Growth  Increments  in  Centimeters 


No. 

IH 

1 

2 

3 

4 

5 

6 

7 

8 

9      10  11 

TH 

Shoot 

9 

1.6 

4.6 

6.4 

4.3 

4.5 

2.7 

1.2 

=4= 

.1 

25.8 

10 

1.3 

4.1 

5.7 

4.3 

3.8 

3.0 

1.8 

.7 

.1 

25.7 

11 

2.8 

5.5 

4.2 

3.0 

3.5 

2.8 

1.5 

.1 

24.1 

12 

2.5 

4.7 

5.1 

3.1 

3.9 

2.8 

1.6 

.6 

±2l 

24.5 

13 

3.4 

5.5 

3.7 

2.5 

4.7 

2.1 

1.1 

1.0 

.3 

25.1 

14 

1.4 

3.9 

5.7 

2.7 

3.9 

3.6 

2.2 

.7 

.3 

.2 

24.6 

15 

1.0 

5.6 

5.4 

4.9 

5.4 

3.2 

1.3 

.8 

.1  .1 

26.5 

16 

.8 

3.7 

5.8 

2.4 

2.6 

3.7 

2.9 

1.4 

.2 

24.2 

Ave . 

1.85 

4.45 

5.25 

3.40 

4.04 

2.99 

1.69 

.77 

.5 

.11  .01 

25.05 

Wt  &  Length  Fresh  freight  Dry  height  Diam  Day 


See 

d  (  gram)  (  mm} 

in  grams 

of 

in 

grams 

Of 

(  mm) 

JSo. 

of 

seed 

Root 

Shoot 

Plant 

Root 

Shoot 

Plant 

9 

.2698 

11.1 

.3153 

1.4578 

1.7731 

.0183 

.1032 

.1215 

2.6 

6 

10 

.2528 

11.3 

.3649 

1.2834 

1.6483 

.0185 

.0906 

.1091 

2.8 

6 

11 

.1927 

9.2 

.2112 

.9214 

1.1326 

.0122 

.0685 

.0807 

2.2 

6 

12 

.2757 

10.9 

.3494 

1.4388 

1.7882 

.0180 

.1060 

.1240 

2.8 

6 

13 

.2635 

11.0 

.3225 

1.2392 

1.5617 

.0193 

.0922 

.1115 

2.7 

6 

14 

.2384 

11.0 

.3407 

1.2573 

1.6980 

.0182 

.0859 

.1041 

2.8 

6 

15 

.3178 

10.9 

.4041 

1.5822 

1.9863 

.0233 

.1140 

.1373 

2.7 

6 

16 

.2538 

10.6 

.3461 

1.2870 

1.6331 

.0193 

.09  26 

.1119 

2.7 

6 

Ave 

..2581 

10.8 

.3318 

1.3084 

1.6402 

.0184 

.0941 

.1125 

2.7 

6 

Average  day  cotyledons  were  shed 


-  7.3 
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Table  3 

Series  A 

ftater 

Culture 

Small  Seeds 

Density  3  (1.22  Sp.Gr.) 

Temperature  25°C 

Seed 

Daily  Growth 

Increments 

in  Centimeters 

Ho.  IH 

1 

2 

3 

4 

5  6 

7 

8 

9      10      11  TH 

Hypocotyl 

17  1.1 

3  . 2 

2.6 

1.0 

.2 

8.1 

18    1  .5 

4.2 

3.8 

.4 

9  .9 

19    1 .3 

4.4 

3.5 

.8 

.2 

10.2 

20  1.2 

3.3 

6.2 

2.3 

.3 

13.3 

21  2.3 

4.0 

3.2 

.8 

10.3 

22    1 .4 

4.0 

2.8 

•4 

.2 

8.8 

23  .8 

2.8 

5.1 

3.2 

.4 

12.3 

24  .7 

2.8 

5.8 

2.7 

.3 

12.3 

Ave .  1 . 29 

o  .59 

A      *1  C 

4  *l£ 

1.45 

.2 

-1  r\  /rr- 
lO  .65 

First 

Internode 

17 

•  3 

•  4 

2.1 

3.3 

3.3  1.4 

•  6 

.1 

11.5 

lo 

•  4 

1.3 

2.5 

3.4 

3.0  1.6 

•  6 

.1 

12.9 

iy 

e 
•  0 

.4 

4.2 

3.8 

2.7  .8 

.2 

•  2 

12.8 

2U 

A 

.8 

1.8 

3.9 

3.5  1.7 

•  6 

12.7 

OT 

21 

•  4 

1.0 

2.4 

3.2 

2.0  1.4 

.2 

.3 

10.9 

o  o 
fig 

.  O 

1.2 

2.2 

3.0 

2.3  .8 

.3 

.3 

10.4 

ocr, 
20 

rz 
•  O 

.3 

1.8 

4.1 

O  *  c,     1  .  o 

.4 

•  2 

11.8 

OA 

•  o 

•  6 

1.7 

4.1 

2.9  1.1 

.3 

11.0 

Ave  • 

•  OO 

2.34 

3.60 

2.86  1.29 

A 

.  -LO 

X J.  •  (O 

Second 

Internode 

T  »7 
1  f 

.1 

.2 

.1  .3 

.7 

.4 

.1  1.9 

.1 

.1 

.1 

.2 

.5 

iy 

.2 

.1 

.1 

.1  .5 

20 

.1 

.1 

.1  .1 

.1 

.1 

.6 

21 

.1 

.1 

.1 

.3 

22 

.1 

.2 

.1 

.4 

23 

.2 

.1  .1 

.1 

.2  .7 

24 

.1 

.2 

•  2  .6 

1.4 

.9 

.2       .2       .1  3.9 

Ave . 

.10 

.15 

.06  .17 

.30 

.20 

.08     .03     .01  1.10 

Third 

Internode 

17 

.1 

el 

.2 

24 

.1 

.1 

.1  .3 

Ave . 

.01 

.03 

.01 

.01  .06 

35 


Table  3  (Continued) 
Seed  Daily  Growth  Increments  in  Centimeters 


Mo. 

IH 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11  TH 

Shoot 

17 

1.1 

3.5 

3.0 

3.2 

3.7 

3.4 

1.7 

1.4 

.6 

.1 

21.7 

18 

1.5 

4.6 

5.1 

3.0 

3.5 

3.0 

1.7 

•  6 

.3 

23.3 

19 

1.3 

4.9 

3.9 

5.2 

4.1 

2.7 

.8 

.3 

.2 

.1 

23.5 

20 

1.2 

3.7 

7.0 

4.2 

4.3 

3.6 

1.8 

.7 

26.6 

21 

2.3 

4.4 

4.2 

3.3 

3.3 

2.0 

1.5 

.2 

.3 

21.5 

22 

1.4 

4.3 

4.0 

2.7 

3.4 

2.3 

.  .9 

.3 

.3 

19.6 

23 

.8 

3.1 

5.4 

5.0 

4.7 

3.3 

1.6 

.5 

•  2 

.2 

24.8 

24 

.7 

3.1 

6.4 

4.5 

4.6 

3.1 

1.8 

1.8 

.9 

.2 

.2 

.2  27.5 

Ave.  1.29  3.95  4.87  3.88  3.95  2.93  1.47  ~77~2     .36     .08     .03  .0323.56 


Wt  &  Length 

Fresh  "weight 

Dry  Weight 

Diam  Day 

Seed  (  gram)  (  mm) 

in 

grams  < 
Shoot 

in 

grams  of 

(  mm) 

Mo. 

of 

seed 

Hoot 

Plant 

Hoot 

Shoot 

Plant 

17 

.3103 

11.2 

.4324 

1.4534 

1.8858 

.0227 

.1081 

.1308 

3.1 

6 

18 

.2695 

11.3 

.2884 

1.3224 

1.6108 

.0168 

.1000 

.1168 

2.7 

6 

19 

.2780 

10.9 

.5414 

1.4117 

1.9531 

.0237 

.0987 

.1224 

3.0 

6 

20 

.2997 

11.5 

.3595 

1.4397 

1.7992 

.0188 

.1062 

.1250 

2.6 

6 

21 

.2154 

9.9 

.2884 

1.0324 

1.3208 

.0165 

.0766 

.0931 

2.4 

6 

22 

.2095 

9.7 

.2234 

1.0110 

1.2344 

.0142 

.0748 

.0890 

2.3 

6 

23 

.2810 

11.2 

.3666 

1.4374 

1.8040 

.0206 

.1011 

.1217 

2.8 

6 

24 

.3423 

10.8 

.4184 

1.7691 

2.1875 

.0234 

.1280 

.1514 

2.9 

6 

Ave 

..2757 

10.8 

.3648 

1.3596 

1.7244 

.0196 

.0992 

.1188 

2.7 

6 

Average  day  cotyledons  were  shed  -  6.9 
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Table  4 


Series  A  Water  Culture  Small  Seeds 

Density  4  (  1.17  Sp.Gr.)  Temperature  25°G 


Seed 

Daily  Growth 

Increments 

in  Centimeters 

Ho. 

ra 

1 

2 

3 

4 

5  b 

7 

8 

9 

10  11 

TH 

Hypo go tyl 

25 

1.2 

1.5 

6.7 

3.7 

1.1 

13.2 

26 

1.1 

1.5 

4.1 

3.2 

.4 

.1 

10.4 

27 

1.5 

1 .5 

5.2 

2.7 

.1 

11 .0 

28 

1.2 

3  .8 

3.4 

1.1 

.4 

9  .9 

29 

1.6 

1 .9 

5.6 

2.3 

•  2 

.2 

11 .8 

30 

1.5 

2.1 

5.6 

3.3 

.1 

12.6 

31 

1.2 

2.2 

4.8 

1.3 

9  .5 

32 

2.5 

1.7 

3.5 

1.4 

.1 

9.2 

Ave 

.1 .47 

2.03 

4  •  73 

2.38 

.3 

.04 

10.95 

First  Internode 

25 

•  2 

.4 

1.5 

3.8 

4.2  2.1 

.5 

.1 

12.8 

26 

.2 

.5 

1.2 

4.5 

3.5  1.7 

.7 

.3 

.1 

12.7 

27 

.3 

.5 

1.3 

3.8 

2.7  1.8 

•  6 

.2 

11.2 

28 

.3 

.5 

1.3 

3.8 

2.3  .5 

.1 

•  2 

9  .0 

29 

•  3 

.4 

1.9 

4.4 

2.8  1.4 

•  5 

•  2 

11 .9 

30 

.3 

.8 

1.9 

4.3 

3.6  1.9 

.7 

.3 

13.8 

31 

.3 

.5 

1.8 

3.9 

2.9  2.3 

.7 

.3 

12.7 

32 

.3 

•4 

1.4 

3.2 

2.9  1.6 

.4 

•4 

10 .6 

Ave 

.28 

•  5 

1.54 

3.96 

3.11  1.66 

c  rz 

•  53 

.25 

.01 

11 .84 

Second 

Internode 

25 

.1 

.1 

.2  .1 

.2 

.7 

26 

.2 

.1  .1 

.2 

.2 

.3 

1 .1 

27 

.1 

.1 

.1 

.1 

.1 

.5 

28 

.1 

.1 

.2 

29 

.2 

.1  .1 

.5 

.5 

.5 

.2 

2.1 

30 

.1 

.1 

.1  .1 

.1 

.2 

.1 

.8 

31 

.2 

.1  .2 

.2 

.5 

.6 

1.8 

32 

.1  .1 

.2 

Ave 

• 

.08 

.1 

.09  .1 

.16 

.18 

.18 

.02 

.91 

Third  Internode 

26 

.1 

.1 

29 

.1 

.1 

.2 

30 

.1 

.1 

31 

.1 

.1 

Ave 

.01 

.04 

.01 

.06 

37 

Table  4  (Continued) 

Seed 

Daily  Growth  Increments  in 

Centimeters 

No,  IH 

1  2 

3 

4  5 

6 

7 

8 

9 

10  11 

TH 

Shoot 

25  1.2 

1.7  6.1 

5.3 

5.0  4.4 

2.2 

♦  7 

26.  7 

26  1.1 

1.7  4.6 

4.4 

5.1  3.7 

1.8 

.9 

.5 

.5 

24.  3 

27     1. 5 

1.8  5.7 

4.1 

4.0  2.7 

1.9 

.7 

.3 

22.  7 

28  1.2 

4.1  3.9 

2.5 

4.3  2.3 

.5 

.1 

.2 

19 .1 

29  1.6 

2.2  6.0 

4.4 

4.6  3.1 

1.5  1.0 

.7 

.6 

.3 

26. 0 

30  1.5 

2.4  6.4 

5.3 

4.5  3.7 

2.0 

.8 

.5 

.2 

27.3 

31  1.2 

2.5  5.3 

3.1 

4.1  3.0 

2.5 

.9 

,9 

.6 

24. 1 

32  2.5 

2.0  3.9 

2.8 

3.3  3.0 

1.7 

.4 

.4 

20.0 

Ave. 1.47 

2.3  5.24 

3.99 

4.36  3.24  1.76 

.69  .45 

.24 

.04 

23.  78 

Wt  &  length 

Fresh  Weight 

Dry 

Wei  ght 

Diam  Day 

Seed  (gram)  (mm) 

in  grams  of 

in 

grams 

of 

( mm ) 

No.  of 

seed 

Root 

Shoot 

Plant 

Root 

Shoot 

Plant 

25  .2725 

10.5 

.3698 

1.5252 

1.8950 

• 

0199 

.1050 

.1249 

2.9  6 

26  .2672 

10.8 

.2704 

1.2688 

1.5392 

• 

0167 

.0965 

.1132 

2.5  6 

27  .2471 

10.2 

.4649 

1.3244 

1.7893 

• 

0190 

.0939 

.1129 

2.7  6 

28  .1589 

9.1 

.2539 

. .8834 

1.1373 

• 

0096 

.0574 

.0670 

2.3  6 

29  .2990 

11.1 

.3561 

1.5166 

1.8727 

.019  7 

.1122 

.1319 

2.7  6 

30  .3202 

11.6 

.3684 

1.6387 

2.0071 

• 

0189 

.1203 

.1392 

2.7  6 

31  .2748 

10.5 

.29  56 

1.3437 

1.6393 

• 

0161 

.1016 

.1177 

3. 0  6 

32  .1814 

9.2 

.1789 

.7749 

.9538 

• 

0112 

.0576 

.0688 

2.2     7  | 

Ave. .2526 

10.4 

.219  7 

1.2845 

1.6042 

• 

0164 

.0931 

.1095 

2.6  6JJ 

Average  day  cotyledons  were  shed 
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Table  5 

Seri  es  A 

Water  Culture 

Small 

Seeds 

Density 

5  (a. 

12  Sp.Gr. ) 

Temperature 

25°C 

S  P  A 

w  C  V/  U 

Daily  Growth  Inorements 

in  Centimeters 

No.  IH 

i 

2 

3       4        5  6 

7 

8 

9 

10  11 

TH 

Hypoootyl 

2  0 

5.7 

2.4  .1 

12-7 

1A        1  ? 

Q 
.  O 

3.7 

5.3    3.5  .8 

1  ^  3 

%J%J         JL  •  JL 

2-0 

4.5 

2.5  .4 

10.  5 

36       -  9 

2.5 

4.8 

3.3  .4 

11.9 

37  1-0 

1-  fi 

4.8 

3.2  .3 

11. 1 

J — L  *  JL 

3fl  1-2 

2.5 

2.2 

.2 

6.1 

39  2.6 

3.6 

X  .  VJ           .  xJ 

11.0 

Ave.l. 5 

2.17 

4.17 

2.56     .71  .11 

11.23 

First  Internode 

33 

.3 

.3 

1.5    3.0    2.7  .9 

.2 

.1 

9-0 

34- 

.  2 

.2 

.3       .7    3.0  4.5 

2.4 

.4 

.2 

11  9 

J-  X  .  •/ 

35 

.4 

1.4    3.9     4.1  1.8 

.9 

12-7 

36 

.  3 

.3 

.7    2.5    3.6  2.7 

.8 

10  9 

37 

.3 

.3 

1.4    4.0    3.5  1.9 

.4 

.1 

11  9 

X  J-  .  f 

38 

-  2 

.5 

1.2    1.7  .5 

4-1 

39 

.2 

.  «-> 

14.      1  Q      P   Q  11 

X  •  r*        %J »  V        C  •  r7  X.J. 

•  X 

10.3 

Ave. 

.24 

.36 

1.13  2.81  2.9  1.84 

.7 

.1 

.03 

10.11 

Second  Internode 

33 

.1  .1 

-  2 

34 

.2 

.1 

.1 

.2 

.  o 

-  9 

35 

.1       .1  .2 

.7 

.7 

.5 

.1 

2  4 

36 

.1       .1  .1 

-  3 

37 

.1       .2  .1 

.2 

.3 

.6 

.5  .2 

2  2 

38 

.1      .2      .2  .2 

.1 

.1 

.  9 

39 

.1  .1 

.2 

Ave. 

.03     .1      .13  .08 

.16 

.17 

.19 

.13  .03 

1.01 

Third  Internode 

35 

.1 

.1 

.  2 

• 

37 

.1 

.1 

Ave. 

.01 

.03 

.04 

99  1 

Table  5  (Continued) 

Seed 

Dallv  GrTOWbh   Increments  in 

Cpnti  meters 

No. 

IH 

1        2        3        4        5  6 

7        8  9 

10 

11 

X.  X 

TH 

Shoot 

33 

2.5 

2.3     6.0    3.9     3.2    2.8  .9 

.2  .1 

21.9 

34 

1.2 

1.0    3.9     5.6    4.2    4.0  4.5 

2.5      .5  .4 

9    f                                               9  -JU 

.3 

28.1 

35 

1.1 

2.2     4.9     4.0    4.4    4.1  2.0 

9  *^               A  9                     X  0  V              -I-  9    -J-              X  9  X  9 

1.6       .8  .6 

9  \J                   9  v 

.1 

25. 8 

36 

.9 

2.8    5.1    4.0    3.0    3.7  2.8 

.8 

23.1 

37 

1.0 

2.1     5.1     4.6    4.4    3.7  2.0 

is  9  J-            w  •   X                  9  W             A  9    J                  9     1                  9  v 

•  6      T4       . 7 

.5 

0  w 

.2 

25.3 

38 

1.2 

2.7     2.7     1.5     1.9       .7  .2 

►V  9     f                     0    1               X-  9   w             X.  0    */                    9     1  • 

.1  .1 

11.1 

39 

2.6 

3.8    4.0    2.4    4.3    3.0  1.1 

.2  .1 

21.5 

Ave. 

1.50 

2.41  4.53  3.71  3.63  3.14  1.93 

r-sJ  9    «*■  X-              9  *X                   9     1  X-              9  VX                   9  X-             X-  9  •» 

.86     .29  .24 

.13 

.03 

22.40 

wt  & 

Length           Fresh  Weight 

Dry  Weight 

Diam  Day 

Seed 

(gram)  (mm)           in  grams  of 

in  grams  of 

(mm) 

No. 

of  , 

seed         Root        Shoot  Plant 

Root  Shoot 

Plant 

33 

.1587 

9.7     .1978     ..9633  1.1611 

.0108  .0649 

.0757 

2.1 

5 

34 

.2702 

11.6     .2911     1.4081  1.6992 

.0146  .1062 

.1208 

2.5 

5 

35 

.2998 

11.3     .4304    1.4988  1.9292 

.0216  .1105 

.1321 

3.0 

6 

36 

.1961 

10.9     .2643    1.0296  1.2939 

..0143  .0778 

.0921 

2.3 

6 

37 

.2790 

11.4     .4424    1.4030  1.8454 

.0223  .1063 

.1286 

2.7 

6 

38 

.1608 

8.8     .2613      .7083  .9696 

.0154  .0577 

.0731 

2.5 

6 

39 

.1943 

10.0     .2296       .9380  1.1676 

.0111  .0641 

.0752 

2.5 

6 

Ave. 

.2227 

10.5     .3024    1.1356  1.4380 

.0157  .0839 

.0996 

2.5 

5.6 

Average  day  cotyledons  were  shed  -  7.2 



• 

40 

Table  6 

Series  A 

I 

fater  Culture 

Mediuir 

i  Seeds 

Density  6 

(Floated  at  1.12  Sp. 

Gr.  ) 

Temperature  25°C 

Seed 

Daily  Growth 

.  Increments  in  Centimeters 

Ho 

IH 

1 

2 

3 

4 

5        6        7  8 

9 

10  11 

TH 

Hypocotyl 

40 

1.7 

3.3 

4.8 

1.6 

.2 

11.6 

41 

1.2 

3.1 

3.8 

.7 

.2 

9.0 

42 

.8 

2.8 

6.5 

4.0 

.7 

14.8 

43 

1.5 

3.6 

5.9 

2.3 

13.3 

44 

1.5 

3.0 

5.8 

1.3 

.2 

11.8 

45 

.8 

2.6 

4.6 

3.7 

.7 

.1 

12.5 

Ave  • 

1.25 

3.07 

0.23 

p>  or* 

2.27 

•  33 

•  02 

12.17 

First  Internode 

40 

.4 

.5 

2.3 

3.5 

2.9    1.2      .6  .2 

.1 

11.7 

41 

.3 

.8 

1.6 

2.8 

1.7      .4  .1 

7.7 

42 

.1 

.4 

.9 

2.9 

3.2    1.7    1.0  .4 

.1 

10.7 

43 

.2 

.7 

1.6 

3.5 

2.5  1.0 

9.5 

44 

.3 

.7 

2.1 

4.1 

2.8    1.1  .5 

11.6 

45 

.3 

.3 

1.0 

3.0 

2.7    2.5      .8  .2 

10.8 

Ave  • 

.27 

•  57 

1.58 

3.30 

2.63  1.32     .50  .13 

.07 

10.37 

Second  Internode 

40 

.1 

.1 

.2 

41 

•  1 

.1 

.2 

42 

.1 

.1 

.2 

43 

.1 

.2 

.3 

44 

.1 

.2               .1  .1 

.1 

.6 

1  45 

#1 

.2       .1      .4  .4 

.2 

1.4 

Ave  • 

.1 

.15     .02     .08  .08 

.05 

.48 

Third  Internode 

45 

.1 

,1 

Ave  • 

.02 

.02 

Shoot 

40 

1.7 

3.7 

5.3 

3.9 

3.8 

3.0    1.2      .6  .2 

.1 

23.5 

41 

1.2 

3.4 

4.6 

2.3 

3.1 

1.8      .4  .1 

16.9 

42 

.8 

2.9 

6.9 

4.9 

3.7 

3.3    1.7    1.0  .4 

.1 

25.7 

43 

1.5 

3.8 

6.6 

3.9 

3.6 

2.7  1.0 

23.1 

44 

1.5 

3.3 

6.5 

3.4 

4.4 

3.0    1.1      .6  .1 

.1 

24.0 

45 

.8 

2.9 

4.9 

4.7 

3.8 

3.0    2.6    1.2  .7 

.2 

24.8 

Ave . 

1.25 

3.33 

5.80 

3.85 

3.74 

2.80  1.34     .58  .23 

.08 

23.0 

41 


Table  6  (Continued) 


Wt  ■&  Length 
Seed  (gram)  (mm) 
No         of  seed 

40  .1773  10.4 

41  .1254  8.3 

42  .1576  10.7 

43  .1778  10.1 

44  .1878  10.1 

45  .2021  11.0 
Ave.   .1713  10.10 


Fresh  Wei 
in  grams 
Root  Shoot 
.1946  .9946 
.1830  .6930 
.2921  .8734 
.2262  1.1302 
.2157  .9838 
.2154  1.0992 
.2212  .9623 


ght 

of 
Plant 
1.1892 
.8760 
1.1655 
1.3564 
1.1995 
1.3146 
1.1835 


Dry  Weight 
in  grams  of 

Root      Shoot  Plant 

0107  .0684 

0098  .Q461 


Diam  Day 
(mm) 


.0791  2.5 
.0559  2.2 


0140  .0583 


0126 
0145 
0129 


.0736 
.0695 
.0781 


.0723  2.1 
.0862 

.0840  2.3 

.0910  2.5 


5 
5 
5 
5 
5 
6 


0124     .0657       .0781    2.3  5.2 


Average  day  cotyledons  were  shed  -  6.5 
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Series  B 
Density  1 


Table  7 
Water  Culture 


Medium  Seeds 
Temperature  25°C 


Seed 


Daily  Growth  Increments  in  Centimeters 

8  9 


Ho. 

IH 

1 

2 

3 

4 

5 

6  7 

Hypocotyl 

1 

2.6 

4.5 

4.7 

1.2 

2 

2.5 

5.2 

5.0 

2.3 

.3 

3. 

2.0 

5.5 

4.9 

1.0 

4 

2.0 

4.1 

6.1 

2.6 

5 

1.6 

3.6 

6.3 

2.4 

.2 

6 

1.7 

5.0 

6.2 

1.6 

7 

1.8 

3.2 

4.0 

1.6 

.2 

8 

1.3 

3.5 

5.6 

2.0 

.1 

Ave. 

1.94 

4.32 

5.35 

1.84 

.1 

First 

Internode 

1 

.7 

1.2 

4.5 

4.9 

2.3 

.7 

2 

.5 

•  6 

2.5 

5.3 

4.0 

1.3  .5 

3 

.4 

1.0 

4.6 

3.8 

1.6 

.5 

4 

.4 

.6 

.9 

2.1 

3.3 

1.5  .5 

5 

.3 

.6 

2.4 

4.3 

2.2 

.7 

6 

.4 

.8 

2.5 

4.2 

2.1 

.7  .3 

7 

.4 

.7 

2.5 

4.2 

2.8 

.8 

8 

•  4 

1.2 

4.0 

4.6 

1.9 

.5 

Ave. 

•  44 

.84 

2.99 

4.17 

2.52 

.84  .16 

10  11 


13.0 
15.3 
13.4 
14.8 
14.1 
14.5 
10.8 
12.5 
15.551 


14.3 
14.7 
11.9 
9.3 
10.5 
11.0 
11.4 
12.6 
11.961 


Second  Internode 


1 

.3 

.3 

1.5 

2.9 

2.0 

.9 

.3 

8.2 

2 

.1 

.2 

.5 

1.1 

2.5 

1.5 

•  6 

.1 

.2  6.8 

3 

.2 

.4 

.9 

2.7 

3.8 

1.6 

.2 

.3 

10.1 

4 

.2 

1.8 

2.1 

3.3 

1.8 

.6 

9.8  1 

5 

.  .1 

•  4 

.7 

2.4 

4.0 

1.0 

.3 

8.9 

6 

.2 

.4 

.8 

2.7 

2.5 

.8 

.3 

.1 

7.8 

7 

.2 

.2 

•  4 

1.8 

2.0 

.8 

.2 

.2 

.1  5.9 

8 

.1 

.4 

.7 

3.2 

3.7 

1.1 

.8 

.1 

.1  10.2 

Ave 

.15 

.31 

.91 

2.36 

2.98 

1.19 

.41 

.1 

.65  8.46 

Third  Internode 

1 

.4 

.2 

.1 

.1 

.8 

2 

.3 

.1 

.4 

3 

.1 

•  4 

.3 

.1 

.1 

1.0 

4 

.2 

.3 

.2 

.4 

.3 

.4  1.8 

5 

.1 

.3 

.2 

.1 

.7 

6 

.1 

.3 

.1 

.5 

7 

.2 

.1 

.1 

.4 

8 

.1 

.3 

.3 

.2 

.2 

1.1 

Ave 

.15 

.25 

.15 

.14 

.1 

.05  .84 
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Table  7  (Continued) 


Seed 

IH 

Daily  Growth  Increments 

in  Centimeters 

No 

"TTT 

IH 

1 

2 

3 

4 

5 

6 

7 

8 

y 

1U 

11 

m-rr 

TH 

ohoot 

1 

2.6 

5.2 

5.9 

6.0 

5.2 

rr  q 

3.8 

4.0 

2.0 

1.1 

•  4 

•  1 

36.3 

2 

2*5 

5.7 

5.6 

4.9 

5.8 

4.5 

2.4 

rr  ft 

3.3 

1.6 

•  6 

•  1 

•  2 

TIT  O 

37.  2 

3 

2.0 

5.9 

5.9 

5.8 

4.2 

2.5 

3.3 

4.2 

1.9 

•  3 

•  4 

36.4 

4 

2.0 

4.5 

6.7 

3.5 

2.3 

5.1 

3.8 

4.1 

1.0 

•  3 

•  4 

rr  rz  rt 

35.  7 

5 

1.6 

3.9 

6.9 

4.9 

4.9 

2.9 

3.2 

4.3 

1.0 

.5 

.1 

34.2 

6 

1.7 

5.4 

7.0 

4.3 

4.6 

2.9 

3.5 

3.1 

.8 

.4 

.1 

33.8 

7 

1.8 

3.6 

4.7 

4.3 

4.6 

3.2 

2.8 

2.1 

.9 

.2 

.2 

.1 

28.5 

8 

1.3 

3.9 

6*8 

6.1 

5.1 

2.6 

3.8 

4.0 

1.4 

1.0 

.3 

.1 

36.4 

Ave, 

1.94 

4.76 

6.19 

4.97 

4.59 

3.44 

3.35 

3.39 

1.34 

.55 

.2 

.1 

34.81 

Seed 

No 
1 
2 
3 
4 
5 
6 
7 
8 

Ave. 


Wt  &  Length 
(gram)  (mm) 

of  seed 
.3660  14.2 


.4448 
.4254 
.4768 
.4337 
.4317 
.4230 
.5245 
.4407 


13.3 
13.7 
14.4 
13.5 
13.3 
13.5 
14.0 
13.7 


Fresh  Weight 

in  grams  of 
Root  Shoot  Plant 
.3966  2.6239  3.0205 
.2839  2.3674  2.6513 
.3546  2.0914  2.4460 
.4284  2.2849  2.7133 
.3189  2.1809  2.4998 
.3605  2.3172  2.6777 
.3564  1.9542  2.3106 
.2966  1.7199  2.0165 
.3495    2.1925  2.5420 


Dry  Weight 

in  grams  of 
Root      Shoot  Plant 

.0292     .2098     .2390  3.3 

.0194     .1838    .£032  3.1 

.0214    .1640    .1854  2.9 

.0294    .1816    .2110  3.1 


.0238  .1694 

.0231  .1746 

.0248  .1574  .1822 

.0198  .1313  .1511 

.0239  .1715    .1954  3.1 


.1932  3.0 
.1977  3.1 
3.2 
2.8 


Diam  Day 
(mm) 


8 
6 
6 
6 
6 
6 
7 
7 
u3 


Average  day  cotyledons  were  shed  -  7.5 
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Table  8 

Series  B  later  Culture  Medium  Seeds 

Density  2  (1.27  Sp.  Gr. )  Temperature  25°G 


Seed 

Daily  Gro 

wth  Increments 

in  Centimeters 

Ho. 

IH 

1 

2 

4        5  6 

7 

ft 

9 

10 

11  TH 

Hypocotyl 

9 

2.8 

4.9 

3.8 

1.5 

13.0 

xU 

X  •  0 

o .  u 

4-9 

2-1 

i  ^  ^ 

xO  .  O 

11 

2.1 

4.1 

Aft 
M:  •  U 

2-6 

13.6 

12 

2.6 

4.9 

5-1 

4-1 

•  X 

.2 

16.9 

13 

2.7 

4.1 

%J  .  J. 

1  -4 

X  . 

.1 

11.4 

14 

2.0 

4.8 

5-2 

1  -4 

13.4 

15 

2.2 

5.0 

4-2 

2.0 

13.4 

16 

2.1 

4.0 

5.5 

2.0 

.3 

13.9 

Ave  • 

2.25 

4.6 

4-58 

2.14 

.07 

13.64 

First  Internode 

9 

.3 

.9 

2.5 

4.2    3.1  1.5 

.5 

.1 

13.1 

i  n 

xU 

.  «J 

.5 

3. 5 

5  1      ^  6     1 -? 

.5 

.1 

15-0 

XcJ  •  W 

11 

.4 

1.8 

4.1    4.1  1.6 

.5 

.1 

13.3 

12 

.3 

.7 

• 

1.3 

4.4    3.7  1.5 

.5 

.3 

12.7 

13 

.4 

2.2 

4.5    4.2  2.2 

.5 

.2 

14.9 

14 

.4 

.6 

2.7 

5.1    4.4  1.4 

.6 

.3 

15.5 

15 

.5 

•  7 

2.9 

4.9    3.7  1.3 

.4 

.1 

14.5 

16 

.4 

.5 

1.4 

4.6    4.0  2.1 

.6 

13.6 

Ave . 

.4 

.66 

2.29 

4.61  3.85  1.6 

.51 

.15 

14.08 

Second  Internode 

* 

9 

.1 

.1      .2  .2 

.4 

1.1 

.6 

.1 

2.8 

xU 

.1 

.2       .2  .5 

2.0 

1.9 

•  3 

T 

.  X 

5  ^ 

11 

.2       .2  .4 

1.3 

1.8 

.6 

4.5 

12 

.3      .3  .7 

2.1 

1.5 

.3 

.3 

5.5 

13 

.2       .2  .5 

1.7 

2-2 

.4 

.3 

5.6 

14 

.  X 

.1      .2  .3 

.4 

1  ? 

X  . 

.  o 

2.9 

15 

.2       .2  .3 

.7 

X  .  X 

7 

3.2 

16 

1 

.  X 

•  1       .2  .5 

1.3 

1  4 

X  .  *± 

7 

4.3 

Ave. 

Oft 

.18     .21  .42 

1.24 

1  5^ 

X  .  OiJ 

5? 

.1 

4.26 

Third  Internode 

9 

.1 

.1 

.2 

10 

.2 

.1 

.3 

11 

.2 

.1 

.3 

12 

.1 

.2 

.3 

13 

.2 

.1 

.3 

14 

.2 

.1 

.3 

15 

.2 

.2 

16 

.2 

.1 

.3 

Ave. 

.04  .16 

.08 

.28 

45 


Table  8  (Continued) 


Seed 

Daily 

Growth  Increments  in 

Centimeters 

Ho. 

IH 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11  TH 

Shoot 

9 

2.8 

5.2 

4.7 

4.1 

4.3 

3.3 

1.7 

.9 

1.3 

.7 

.1 

29.1 

10 

1.5 

5.5 

5.4 

5.7 

5.3 

3.8 

1.7 

2.5 

2.2 

•  4 

.1 

34.1 

11 

2.1 

4.5 

5.5 

4.4 

4.S 

4.3 

2.0 

1.8 

2.1 

.7 

31.7 

12 

2.6 

5.2 

5.8 

5.4 

4.9 

4.0 

2.2 

2.7 

£.0 

.3 

.3 

35.4 

13 

2.7 

4.5 

3.8 

3.7 

4.8 

4.4 

2.7 

2.2 

2.6 

,5 

.3 

32.2 

14 

2.0 

5.2 

5.8 

4.2 

5.2 

4.6 

1.7 

1,0 

1,7 

.7 

32.1 

15 

2.2 

5.5 

4.9 

4.9 

5.1 

3.9 

1.6 

1.1 

1.4 

.7 

31.3 

16 

2.1 

4.4 

6.0 

3.5 

5.0 

4.2 

2.6 

2.1 

1.4 

.8 

32.1 

Ave. 

2.25 

5.0 

5.24 

4.49 

4.86 

4.06 

2.02 

1.79 

1.84 

.6 

32.25 

Wt  &  Length 

Fresh  //eight 

Dry  Weight 

Diam  Bay 

Seed 

( Gram ) 

(mm) 

in  grams  of 

in 

grams 

of 

(mm) 

of  seed 

Root 

Shoot 

Plant 

Root 

Shoot 

Plant 

9 

.3362 

12.2 

.3156 

1.7197 

2.0353 

.0190 

.1316 

.1506 

2.7 

6 

10 

.3718 

13.6 

.4204 

1.8581 

2.2785 

.0230 

.1341 

.1571 

3.1 

6 

11 

.3537 

13.5 

.2894 

1.7054 

1.9948 

.0186 

.1312 

.1498 

2.7 

6 

12 

.4330 

13.1 

.3893 

2.1762 

2.5655 

.0254 

.1729 

.1983 

2.8 

6 

13 

.4692 

13.0 

.2259 

2.0603 

2.2862 

.0161 

.1838 

.1999 

3.2 

6 

14 

,3862 

12.7 

.3714 

1.9514 

2.3228 

.0206 

.1514 

.1720 

2.9 

6 

15 

.3565 

12.5 

.2929 

1.8226 

2.1155 

.0185 

.1419 

.1604 

2.9 

6 

16 

.3739 

12.8 

.2873 

1.8939 

2.1812 

.0185 

.1465 

.1650 

3.0 

7 

Ave. 

.3851 

12.9 

.3240 

1.8985 

2.2225 

.0199 

.1492 

.1691 

2.9 

6 

Average  day  cotyledons  were  shed  -  7.6 
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Table  9 

Series  B 

Water  Culture 

Medium  Seeds 

Density  3 

(1.22 

,  Sp. 

Gr. ) 

Temperature 

25UC 

Seed 

Daily  Growth  Increments  in  Centimeters 

No  IH 

1 

2 

3 

4       5        6  7 

8 

9 

in       1 1 
1U  11 

TH 

jiypocoxy± 

7.0 

5.5 

.5 

15.0 

18  1.7 

5.6 

KJ  9  w 

7.0 

1.6 

.1 

16.0 

19  1.7 

6.5 

6.5 

.8 

±o  .  o 

20  1.5 

4.3 

7.3 

2.7 

15.8 

21  1.8 

w  JL,              JL  •  \J 

5.7 

7.6 

1.5 

16.6 

22  1.6 

3.4 

4.9 

1.1 

11.0 

23  3.4 

7.9 

3.5 

.5 

15.3 

24  1.0 

3.6 

8.3 

2.0 

.3 

15.2 

Ave.  1.84 

5.5 

6.33 

1.34 

.05 

15.05 

jyirst  interno&e 

17 

JL  f 

.4 

.9 

4.9 

3.4    1.1  .1 

10.8 

18 

-L  w 

.4 

.  O 

o.  o 

13.1 

19 

JL  •/ 

.4 

•  * 

1.8 

3.1 

3.4    1.3      .2  .1 

.1 

TO  A 
1U  .4 

20 

.4 

1.1 

1.7 

4.8    3.7    1.4  .5 

13.6 

21 

w  JL 

.4 

1.6 

2.7 

4.8    2.3    1.0  .4 

.1 

1«3.«5 

22 

.4 

•  * 

.7 

2.1 

4.7    3.6    1.7  .6 

.1 

.1 

14.0 

23 

.8 

3.0 

3.8 

3.5    1.1      .5  .1 

12.8 

24 

.3 

.5 

1.1 

3.0    4.3    1.9  .6 

.2 

.1 

12.0 

Ave. 

•  44 

1.28 

2.9 

4.05  2.51     .94  .3 

.06 

.C2 

12.5 

Second  Internode 

17 

.1 

.2 

.2    1.3    3.6  .7 

.2 

.3 

6.0 

18 

.3 

.3    1.1    3.5  1.9 

.9 

.5 

8.5 

19 

.1 

♦  3 

.2    1.1    4.3  3.0 

.9 

.4 

20 

.3      .1      .8  2.0 

1.4 

4.6 

21 

.1 

.2 

.1      .6    2.3  2.0 

1.4 

.5 

•  O  .1 

7.6 

22 

.1 

.2      .1      .4  1.7 

2.2 

.6 

o 
.  & 

5.5 

23 

.2 

.2      .7    3.2  2.8 

1.2 

.4 

8.7 

24 

.1      .3      .3  .6 

.9 

.7 

2.9 

Ave. 

.04 

.16 

.2      .66  2.23  1.84 

1.14 

.42 

•Uo  .01 

6.76 

1J11XU     Xil  Li  C  J.  IJ.UU.tJ 

17 

.1  .1 

.1 

.3 

18 

.3  .1 

.1 

.2 

.7 

19 

.3  .3 

.2 

o 
.  o 

20 

.1 

.3 

.7 

.  «J         •  '-k 

2.0 

21 

.2 

.2 

.1 

.5 

22 

.1 

.2 

.3 

23 

.2  .3 

.2 

.3 

1.0 

24 

.1 

.1 

.2 

Ave. 

.11  .15 

.16 

.18 

.08  .05 

.  73 

Fourth  Internode 

20 

.4 

.1 

.5 

Ave. 

.05 

.01 

.06 
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Table  9  (Continued) 
Seed  Daily  Growth  Increments  in  Centimeters 


No 

IH 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

TH 

Shoot 

17 

2.0 

7.4 

6.5 

5.6 

3.6 

2.4 

3.2 

•  8 

•  3 

•  3 

CIO  T 

18 

1.7 

6.0 

7.6 

5.7 

5.2 

3.8 

4.5 

2*1 

1*0 

•  7 

±y 

1  •  / 

A  Q 
t>  .  v 

ft  A 

O.  O 

P  A 

A  ft 

•3  A 

A 

20 

1.5 

4.7 

8.4 

4.4 

5.1 

3.8 

2.2 

2.6 

1.7 

1.1 

.6 

.4 

36.5 

21 

1.8 

6.1 

9.3 

4.4 

4.9 

2.9 

3.3 

2,6 

1.7 

.6 

.3 

a 

38.0 

22 

1.6 

3.8 

5.6 

3.3 

4.9 

3.7 

2.1 

2.4 

2,5 

.7 

.2 

30.8 

23 

3.4 

8.7 

6.5 

4.5 

3.7 

1.8 

3.9 

3.2 

1.4 

.7 

.1 

37.8 

24 

1.0 

3.9 

8.8 

3.1 

3.4 

4.6 

2.2 

1.2 

lO, 

.9 

4)6 

30.3 

Ave. 

1.84 

5.94 

7.63 

4.4 

4.3 

3.18 

3.28 

2.29 

1.36 

.67 

.15 

35.1 

Wt  &  Length 

Fresh  Weight 

Dry  Weight 

Diam  Daj 

Seed 

(gram) 

(mm) 

in 

grams  of 

in 

grams  of 

(mm) 

Root 

Shoot 

Plant 

Root 

Shoot 

Plant 

17 

.3754 

14.7 

.2454 

2.2129 

2.4583 

.0140 

.1633 

.1773 

2.9 

6 

18 

.4699 

14.2 

.4044 

2.5324 

2.9368 

.0247 

.1903 

.2150 

3.2 

6 

19 

.4070 

13.6 

.2939 

2.1354 

2.4293 

.0193 

.1643 

.1836 

3.0 

6 

20 

.3641 

13.2 

.2819 

1.7894 

2.0713 

.0188 

.1412 

.1600 

3.0 

6 

21 

.4120 

12.8 

.3324 

2.1459 

2.4783 

.0220 

.1637 

.1857 

2.8 

6 

22 

.3384 

12.7 

.2124 

1.6947 

1.9071 

.0172 

.1344 

.1516 

3.1 

6 

23 

.4165 

13.8 

.3330 

2.0139 

2.3469 

.0230 

.1196 

.1426 

3.0 

6 

24 

.3483 

13.1 

.2984 

1.8234 

2.1218 

.0188 

.1385 

.1573 

3.0 

6 

Ave. 

.3915 

13.5 

.3002 

2.0435 

2.3437 

.0197 

.1519 

.1716 

3.0 

6 

Average  day  cotyledons  were  shed  -  7.8 
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Table  10 

Series  B 

Water  Culture 

Medium  Seeds 

Density  4 

(1.17  Sp. 

Gr.  ) 

Temperature 

25UC 

Daily  Growth  Increments  in  Centimeters 

No. 

Li  v  • 

TH 

XXX 

2 

3 

4        5        6  7 

8 

9 

TO 

XX 

TH 

HVDOGOtvl 

25 

1.5 

4.1 

6.1 

.6 

.2 

12.5 

26 

1.3 

3.3 

5.7 

1,8 

.1 

12.2 

27 

1.9 

3-2 

5.1 

.9 

11.1 

■X.  .x.  •  X 

28 

3.0 

5.2 

4.5 

.6 

13.3 

C»  .7 

p  t 

A  a 

5.1 

.8 

12.9 

5.9 

1.6 

.2 

12.2 

ox 

T  7 

*±  .  u 

3.8 

.4 

10.5 

u  .  x 

5.7 

.8 

.2 

14.0 

A  «a 
ttVB  • 

4.  PI 

'I  .  6>X 

5.24 

.94 

.09 

12.34 

1?-?  7»at,    T*n  +i  p  t*71  c\  c\  p 

X  X  x,  o  U      XXI  U  O  X  XX  VJ  VjL^ 

25 

.5 

.9 

3.4 

3.9     2.3       .9  .6 

.1 

12.6 

26 

.3 

.9 

2.6 

4.1    2.6       .8  .3 

.2 

11.8 

?7 

K 
.  O 

1.2 

3.5 

3.4    1.5      .6  .3 

11.0 

X  X  •  v 

Op 

a 
.  O 

1.3 

5.4 

3.9    1.0      .6  .1 

13.1 

9  Q 

.  0 

.8 

3.6 

3.2    1.7      .7  .1 

.1 

10.8 

.  «-> 

1.0 

3.4 

3.5    1.4      .6  .1 

10.3 

OX 

.  O 

1.1 

3.8 

3.9    1.2      .3  .2 

.1 

11.2 

^p 

.  o 

1.6 

4.2 

4.9       .5      .5  .3 

12.5 

iiVO  • 

.  «^X 

1.1 

3.74 

3.85  1.53     .63  .25 

.06 

11.66 

S ft d mod   Tri+.ft  TYiods 

25 

.1 

.1      .1      .3  .6 

1.3 

.8 

.4 

.1 

3.8 

26 

.1 

.2      .2      .7  1.4 

.7 

.4 

.2 

3.9 

27 

.2 

.1      .1      .6  .6 

.7 

.3 

n 

.  X 

.1 

2.8 

?ft 
c>o 

.2 

.2      .3      .9  1.8 

1.0 

.5 

-  p 

5.1 

?Q 

.2 

.1      .2       .5  1.1 

.6 

•  4 

„  p 

3.3 

.2 

.3      .2    3.0  1.8 

.9 

.3 

.2 

7.3 

Oi 

.2 

.1      .2  .1 

.1 

.7 

**P 

.2 

.1      .1      .5  .4 

BE 

•  o 

.2 

p 

2.2 

Ave  • 

.18 

.14    .16    .84  .98 

.73 

.36 

on 
»£X 

.05  3.64 

Third  Internode 

25 

.1 

.1 

.1 

.3 

26 

.1 

.1 

.2 

27 

.2 

.2 

28 

.1 

.1 

.2 

29 

-  .1 

.1 

.2 

30 

•  2 

.2 

•  4 

1% 

.1 

.1 

I 

.05 

.08 

.05 

.03 

.2 

49 


Table  10  (Continued) 
beed  Daily  Growth  Increments  in  Centimeters 


Ho. 

IH 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

TH 

Shoot 

25 

1.5 

4.6 

7.0 

4.1 

4.2 

2.4 

1.2 

1.2 

1.5 

.9 

.5 

.1 

29.2 

26 

1.3 

3.6 

6.6 

4.5 

4.4 

2.8 

1.5 

1.8 

.9 

.5 

.2 

28.1 

27 

1.9 

3.7 

6.3 

4.6 

3.5 

1.6 

1.2 

.9 

.7 

.5 

.1 

%1 

25.1 

28 

3.0 

6.0 

5.8 

6.2 

4.1 

1.3 

1.5 

2,0 

1.1 

.5 

.2 

31.7 

29 

2.1 

5.5 

5.9 

4.6 

3.3 

1.9 

1.2 

1.2 

.8 

.4 

.3 

27.2 

30 

1.2 

3.6 

6.9 

5.2 

4.0 

1.6 

3.6 

2.1 

1.1 

.3 

•  4 

.2 

30.2 

31 

1.7 

5.2 

4.9 

4.4 

3.9 

1.3 

.5 

.3 

.2 

22.4 

32 

2.2 

5.6 

7.3 

5.2 

5.2 

.6 

1.0 

.7 

.6 

.2 

.2 

28.8 

Ave. 

1.86 

4.73 

6.33 

4.85 

4.08 

1.69 

1.46 

1.27 

.86 

.41 

.24 

.05 

27.82 

It  &  Length  Fresh  Weight  Dry  v/eight 


Seed 

(gram)  (mm) 

in 

grams  of 

in 

grams 

of 

Diam 

No. 

of  seed 

Root 

Shoot 

Plant 

Root 

Shoot 

Plant 

(mm) 

25 

.3902 

13.7 

.4636 

1.8994 

2.3630 

.0253 

.1389 

.1642 

3.1 

6 

26 

.3161 

13.5 

.2334 

1.5849 

1.8183 

.0146 

.1195 

.1341 

2.8 

6 

27 

.2981 

14.0 

.3559 

1.4256 

1.7815 

.0201 

.1086 

.1281 

2.9 

6 

28 

.3282 

12.4 

.3454 

1.7069 

2.0523 

.0189 

.1224 

.1413 

3.0 

6 

29 

.2945 

12.8 

.3604 

1.4249 

1.7853 

.0184 

.1074 

.1258 

2.6 

6 

30 

.3397 

13.0 

.4007 

1.7086 

2.1093 

.0228 

.1256 

.1484 

2.8 

6 

31 

.2449 

12.8 

.3094 

1.7653 

2.0747 

.0151 

.0952 

.1103 

2.7 

6 

32 

.2951 

12.9 

.3319 

1.5629 

1.8948 

.0175 

.1140 

.1315 

2.8 

6 

Ave. 

.3134 

13.1 

.3501 

1.6348 

1.9849 

.0191 

.1164 

.1355 

2.8 

6 

Average  day  cotyledons  were  shed  -  6.5 
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Table  11 

Series  B  Water  Culture  Me'dium  Seeds 

Density  5  (1.12  Sp.  Gr.  )  Temperature  25°C 

Seed  Daily  Growth  Increments  in  Centimeters 


Wo. 

IH 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

TH 

Hypocotyl 

33 

1.7 

o  o 

b.o 

2.6 

.7 

14.  U 

34 

1.3 

2.7 

7.7 

2.7 

.6 

15.  0 

35 

1.5 

1.9 

o.  9 

5.0 

1.4 

T  C  rt 

16.  7 

36 

1*2 

2.1 

6.9 

4.3 

1.0 

.1 

.2 

15.8 

T  ft 

37 

1.6 

2.  o 

7.o 

3.3 

.5 

lo.  5 

38 

1.6 

1.9 

5.7 

5.1 

1.7 

16.  U 

39 

1.1 

T  A 

1.4 

A  C 

4.0 

1.1 

.2 

o.3 

&.ve. 

1.43 

2.1 

6.59 

3.44 

.87 

.61 

.03 

14.47 

First 

Internode 

33 

•  3 

.6 

2.0 

5.1 

5.1 

1.7 

.4 

•  3 

lo  •  0 

9 
•  £ 

IT 

.  <o 

1.5 

3.9 

5.1 

2.4 

.6 

.  o 

1ft .  O 

*R 
Ou 

A 

A 
.  I 

1.7 

4.5 

3.9 

3.9 

1.5 

-I 
.  ± 

.  1 

00 

«z 
.  O 

E 
.  O 

•  8 

2.6 

4.6 

3.4 

2.3 

rt 
.  / 

•t 
.  1 

.  J. 

10.4 

5  / 

.4 

A 

•  4 

1.  7 

3.6 

4.9 

2.4 

.8 

A 

.4 

n 

.  1 

14.  1 

So 

•  3 

.3 

•  9 

4.1 

5.5 

3.0 

.6 

•  4 

10.  1 

3y 

.  4 

1.1 

4.1 

5.3 

3.6 

1.7 

.6 

•  c 

.1 

1  (  •  1 

kve. 

.33 

.51 

X.  Ol 

4.16 

4.67 

2.64 

.97 

.34 

.06 

.01 

15.51 

Second  Internode 

33 

•  JL 

.1 

.3 

.4 

1.2 

1.1 

rt 

•  7 

o 
•  £ 

.1 

4.2 

34 

.2 

.2 

.2 

•  1 

•  1 

o 

•  8 

30 

.3 

.2 

.3 

1.  U 

•  3 

•  7 

e 
•  O 

3.3 

36 

.1 

.1 

.1 

.3 

37 

.1 

.1 

.2 

.1 

.2 

.1 

.2 

.1 

1.1 

So 

.2 

.4 

.9 

1.4 

1.1 

•  9 

A 

•  4 

4.9 

.1 

.2 

.1 

.1 

o 

•  1 

Q 

•  o 

.01 

.04 

.2 

.23 

•  4 

•  o  / 

•  3d 

•  <23 

•  lb 

o  o 

Third 

Internode 

53 

.1 

•  J- 

35 

.1 

.2 

.3 

38 

.2 

.1 

.3 

ive. 

.04 

.01 

.04 

.1 

Shoot 

33 

1.7 

2.5 

7.4 

4.7 

5.9 

5.4 

2.1 

1.6 

1.4 

.7 

.3 

.1 

33.8 

34 

1.3 

2.9 

8.0 

4.2 

4.5 

5.3 

2.6 

.8 

.4 

.1 

30.1 

35 

1.5 

2.3 

7.3 

6.7 

5.9 

4.2 

4.1 

1.8 

1*1 

.5 

.7 

.7 

36.8 

56 

1.2 

2.4 

7.4 

5.1 

3.6 

4.8 

3.7 

2.3 

.7 

.2 

.1 

31.5 

37 

1.6 

2.9 

8.0 

5.0 

4.2 

5.0 

2.6 

.9 

.6 

.2 

.2 

.1 

31.3 

58 

1.6 

2.2 

6.0 

6.0 

5.8 

5.7 

3.4 

1.5 

L*8 

1.3 

.5 

.5 

36.3 

39 

1.1 

1.8 

5.6 

5.2 

5.6 

3.8 

1.8 

.7 

.4 

.2 

26.2 

9tve. 

1.43 

2.43 

7.1 

5.21/ 

'  5.07 

4.89 

2.9 

1.37 

.91 

.46 

.26 

.2 

32.29 

Table  11  (Continued) 
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Wt  &  Length 

Seed  (gram)  (mm) 
Jo         of  seed 

53  .3549  12,6 

34  .2608  13.5 

35  .3187  13.3 

36  .2840  12.7 

37  .3840  13.4 

38  .3427  13.0 

39  .3777  13.5 
Ave.  .3290  13.1 


Fresh  Weight 

in  grams  of 

Root      Shoot  Plant 

.3674    1.8514  2.2188 

.2984    1.4142  1.7126 

.4051    1.6034  2.0085 

.2869    1.5444  1.8313 

.2949    1.5071  1,8020 

.2820    1.8490  2.1310 

.3464    1.9004  2.2468 

.3259    1.6671  1.9930 


Dry  Weight 

in  grams  of 
Root  ohoot  Plant 
.0217  .1275 
.0150  .1008 
.0212  .1524 
.0174  .1054 
.0157  .1105 


.0273  .1328 


Diam  Day 
(mm) 


.1492  3.1  6 

.1158  3.1  6 

.1736  3.2  6 

.1228  2.9  6 

.1262  2.6  6 

.1601  2.2  6 


.0185    .1216    .1401    3.3  7 
.0195     .1216     .1411    2.9  6.2 


Average  day  cotyledons  were  shed  -  8 
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Table  12 

Series  B 

Water  Culture 

Medium  Seeds 

tensity  6 

(Floated  at  1.12  Sp. 

Gr.  ) 

Temperature  25°C 

3ead 

Daily  Growth 

Increments  in 

Centimeters 

No- 

X.  XX 

1 

2 

3 

4 

5  6 

7 

8 

9 

1  0 

XX        Xw  J.JU 

Hypocotyl 

40 

1.8 

3.4 

6.8 

2.0 

.2 

14.2 

41 

Z  JL 

2.0 

4.0 

7.4 

2.2 

15.6 

42 

1.7 

1.9 

2.9 

4.4 

2.4 

.7 

14.0 

JL  *.  m 

43 

1.2 

JL    •  W 

3.6 

5.9 

4.1 

.3 

.1 

15.2 

Xt/  I  w 

44 

1.8 

2.7 

6.5 

4.7 

.4 

16.1 

J L  W  •  JL. 

45 

2.2 

3.3 

7.9 

2.4 

•  4 

16.2 

46 

2.2 

4.0 

5.8 

1.6 

13.6 

Ave. 

1.84 

3.27 

6.17 

3.06 

.53 

.11 

14.99 

First  Internode 

40 

- 

.2 

.7 

• 

2.4 

5.1 

4.0  1.1 

.5 

•  5 

14.5 

41 

"XX 

.4 

.6 

2.3 

5.6 

3.9  .9 

.4 

.3 

14.4 

42 

.2 

.3 

• 

.5 

2.4 

5.6  3.6 

1.5 

14.1 

X  Jfc  •  JL 

43 

.4 

.4 

.4 

7.1 

2.4  .7 

.3 

.1 

*  JL 

11.8 

L  J.  •  w 

44 

.3 

.4 

•  * 

1.0 

X  •  w 

5.5 

4.8  1.9 

.7 

•  2 

.1 

14. 9 

XT  # 

45 

.3 

2.0 

6.7 

3.4  1.6 

.4 

.6 

15.  7 

46 

.5 

.9 

• 

4.1 

«  •  JL 

4.3 

1.8  .8 

.6 

13.0 

Ave  - 

.33 

.57 

1.81 

5.24 

3.70  1.51 

.63 

.24 

.01 

14.06 

Second  Internode 

40 

.1 

.3  .2 

.4 

.8 

.6 

.8 

•  2    .2  3.6 

41 

.3  .1 

.1 

•  2 

,1 

.8 

42 

.2  .3 

.4 

•  3 

.1 

•  jl 

1.3 

JL  •  v 

43 

.2 

.2  .8 

.7 

•  2 

.2 

.2 

2.5 

44 

.3  .3 

.5 

1.1 

-L  9  JL 

1.0 

.5 

• 

.3     .2  4.2 

45 

.1 

.2  .2 

.1 

.2 

.1 

•  JL 

1.0 

X  •  w 

46 

.1 

.2 

.2  .9 

1.1 

1.2 

1.2 

4.9 

Ave. 

.01  .09 

.24  .4 

.47 

.54 

.49 

.24 

.07  JD6  2.61 

Third  Internode 

40 

•  J- 

.1 

.2 

42 

.1 

.1 

43 

.1 

.1 

44 

.1 

.1     .1  .3 

46 

.1 

.1 

.1 

.3 

Ave . 

.03 

.01 

.04 

.03  .01  .01  .14 

Shoot 

40 

1.8 

3.6 

7.5 

4.4 

5.4 

4.3  1*3. 

.9 

1.3 

.7 

.9 

.2    .2  32. 5 

41 

2.0 

4.4 

8.0 

4.5 

5.6 

4.2  1.0 

,  .5 

•  3 

•  2 

.1 

3a  8 

42 

1.7 

2.1 

3.2 

4.9 

4.8 

6.5  3.9 

2.0 

,3 

.1 

29.5 

43 

1.2 

4.0 

6.3 

4.5 

7.6 

2.7  1.5 

1.0 

.3 

.2 

.3 

29.  6 

44 

1.8 

3.0 

6.9 

5.7 

5.9 

5.1  2.2 

1.2 

1,3 

1.2 

.5 

.4    .3  35.5 

45 

2.2 

3.6 

8.6 

4.4 

7.2 

3.6  1.8 

•  5 

.8 

.1 

.1 

32.9 

46 

2.2 

4.5 

6.7 

5.8 

4.5 

2.0  1.7 

1.6 

1.3 

1.3 

31.8 

A\e . 

1.84 

3.6 

6.74 

4.89 

5.86 

4.06  1.91 

1.13 

.8 

.54 

.27 

.09  .07  31.8 

lo. 

10 

41 

42 

43 

44 

45 

46 

Ave. 


Wt  &  Length 
Seed  (gram)  (mm) 
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Table  12  (Continued) 


Fresh  Weight 
in  grams  of 


of  seed 
.3132  13.4 


.2555 
.3728 
.2892 
.2004 
.3108 
.2989 
.2915 


12.7 
13.6 
12.6 
14.1 
13.5 
13.2 
13.3 


Root 

.3034 

.3234 

.3354 

.2246 

.3948 

.2984 

.3174 

.3139 


Shoot 

1.6285 

1.3784 

1.7079 

1.5954 

1.6819 

1.5459 

1.5574 

1.5851 


Plant 

1.9319 

1.7018 

2.0433 

1.8200 

2.0767 

1.8443 

1.8748 

1.8990 


Dry 
in 
Root 
.0182 
.0163 
.0193 
.0129 
.0188 
.0152 
.0173 
.0169 


Weight 
grams  of 
Shoot  Plant 


Mam  Day) 
(mm) 


.1142 
.0960 


.1324  2.5 
.1123  2.6 


.1396  .1589 
.1108  .1237 


.1182 
.1079 
.1166 

.1148  .1317 


3.2 
2.5 

.1370  z\b 


.1231  2.9 
.1339  2.7 
2.7 


6 
6 
7 
7 
6 
6 
8 

6J5 


Average  day  cotyledons  were  shed  -  7.2 


_  — 
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Series  C 


Table  13 


water  Culture 


Density  1  ( 1.32  Sp.Gr.) 


Large  Seeds 
Temperature  25°C 


Seed 
Ho.  IH 


8 


1 

2 


1.6 
2.0 


2.0 
2.8 


Daily  Growth  Increments  in  Centimeters 
2        3        4        5        6  7 
Hypocotyl 

5.3  2.5 
6.0    2.0  .1 


Ave. 1.8    2.4    5.65  2.25  .05 


1 
2 

Ave. 


1 

2 

Ave. 


1 

2 

Ave . 


1 

Ave . 


1  1.6 

2  2.0 
Ave .1.8 


First  Internode 
.4  1.0  3.6  4.3  2.1  .4 
.4  1.3  5.1  4.0  2.4  1.0 
.40  1.15  4.35  4.15  2.25  .70 


.1 
.2 
.15 


10      11  12  TH 

11.4 
12.9 
12.15 


11.9 
14.4 
13.15 


Second  Internode 
.3      .5    1.8    5.2    2.8  .9 
.2       .1       .6     2.2    2.6  1.2 
.25     .30  1.20  3.70  2.70  1.05 


Third  Internode 
.1  .3 

.05  .15 

Fourth  Internode 


.2 
.3 
.25 


.2 
.2 
.20 


.2 
.5 

.35 


.3 
.15 


.2 
.1 
.15 


.1 
.1 
.1 


11.9 
7.5 
9.70 


.3  .2  1.7 
.6 

.15.1  1.15 


.1 
.05 


.1 
.05 


2.4 
3.2 
2.8 


6.3 
7.3 
6.8 


Shoot 
6.4  4.8  4.0 
7.3  4.2  3.0 
6.85  4.5  3.5 


5.9  3.1 
3.2  2^1 
4.55  3.1 


1.1 
1.4 

1.25 


.5 
.5 

.50 


,3 
.2 
,25 


.3  .3  37.0 
35.4 
.15  J5  36.2 


1 

2 
Ave 


Wt  &  Length 
(  gram)  ( mm) 

of  seed 
.5359  16.3 
.4554  16.1 
.4957  16.2 


Fresh  Weight  Dry  Weight  Diam  Day 

in  grams  of  in  grams  of  (mm) 

Root    Shoot    Plant  Root      Shoot  Plant 

.4394    2.7475  3.1869  .0285     .2072     .2357  3.5 

.6604    2.1579  2.8183  .0304     .1672     .1976  3.1 

.5499     2.4527  3.0026  .0295     .1872     .2167  3.3 


8 
8 

8 


Average  day  cotyledons  were  shed  -  7.5 
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Table  14 

Series  C 

Water  Culture 

Large 

Seeds 

Density  2  (1.27  Sp.Gr.) 

Temperature 

25°C 

Seeds 

Daily  Growth  Increments  in  Centimeters 

No.  IH 

i 

X 

p 

A.           5  fi 
c         *t         u  o 

rt 
f 

o 

Q 

J7 

10  11 

TH 

3  1.8 

^  4. 

P     ft  P 

13.2 

4  2.3 

^  7 

O.f 

4.  ft 

11  .8 

5  1.2 

O  T 
Cj  »  s. 

4.  7 

10.6 

6  1.8 

1.9 

5.3 

3.5 

12 .5 

7  2.3 

3.3 

5.8 

1.8 

13.2 

ft        i  ft 
o        x .  o 

O  •  £j 

«->  • 

12.9 

Ave.  1.87 

P 

P     ^  1 

12.37 

First  In tarnodf* 

X.    X  X  O  V      X  XX  V  \>  X  XX  w  vx  o 

3 

.4 

.7 

3.5    3.4    4.5  1.1 

13  -6 

4 

.6 

1.2 

4.8    3.5    2.5  .4 

.4 

13  .4 

xv*  •  xT 

5 

.4 

.8 

2.9     5.3    4.3  1.0 

.2 

14.  .9 

X^C  .  7 

6 

.4 

.6 

3.9    5.2    3.1  .2 

13.4 

JL.  C/  •  TC 

7 

•  4 

1.2 

4.0    3.8    1.7  .3 

11 .4 

i.  J.  •  X 

8 

.4 

•  6 

3.3    4.3    3.0  .7 

.1 

12.4 

Ave. 

.43 

.85 

3.73  4.25  3.18  .62 

.12 

13.18 

Second  Internode 

3 

.2      .3    1.0  3.8 

2.8 

1.1 

.2 

9  .4 

4 

.3      .2      .4  1.3 

2.3 

1.1 

.1 

5.7 

5 

.2       .4    1.4  3.9 

3.3 

.9 

.3 

10.4 

Xw  t  xT 

6 

.3       .7     2.4  5.1 

1.6 

10  .1 

7 

.5      .7    2.8  5.8 

1.6 

.7 

12.1 

jl  t*/  •  jl 

8 

.3      .4    1.1  3.5 

2.7 

.3 

.2 

8.5 

Ave . 

.3       .45  1.52  3.90 

2.38 

.68 

.13 

9.37 

Third  Internode 

3 

.2 

.4 

.1 

.2 

-9 

4 

.2 

.2 

.4 

5 

.1  .3 

.2 

.1 

6 

•  4  .6 

.7 

1.0 

.2 

.1 

3  .0 

7 

.2  .3 

.5 

.2 

.1 

1-3 

8 

.3 

.2 

.1 

.1 

.7 

Ave . 

.12  .28 

.37 

.28 

.08 

.03 

1.17 

56 

Table  14  (Continued) 

Seed  Daily  Growth  Increments  in  Centimeters 

No.  IH  1        2        3        4        5        6  7        8  9  10      11  TH 

Shoot 

3  1.8  3.8    5.7     6.5    3.9     5.5    5.1  ^2    JU2_  .2  .2  37.1 

4  2.3  4.3    6.0    6.0    3.8     2.9    JU7  .2^9     1.3  .1  31.3 

5  1.2  2.5    5.5    5.5    5.9     5.8     5.2  3^7    1^  .3  36.6 

6  1.8  2.3     5.9     7.7     5.9     5.9     5.9  2^3    1^0  .2  .1  39.0 

7  2.3  3.7     7.0     6.3    4.5    4.7     6.4  2.1     _^9  .1  38.0 

8  1.8  3.6     5.8     6.2    4.8    4.1    4.6  3^0  .2  .1  34.5 
Ave.  1.87  3.37  5.98  6.37  4.8    4.82  4.8  2.87     .97  .18  .07  36.08 

Seed  Wt  &  Length  Fresh  Yaeight  Dry  height  Diam  Day 

Ho.  (gram)  (mm)  in  grams  of  in  grams  of  (mm) 

of  seed  Root      Shoot      Plant  Root      Shoot  Plant 

3  .5342    16.1  .8209     2.8354    3.6563  .0346     .2169     .2515  3.5  7 

4  .4016    15.7  .6154    1.8949     2.5103  .0315     .1453     .1768  3.0  7 

5  .5290    16.1  .5489     2.6084    3.1573  .0333     .2017     .2350  3.7  7 

6  .6278    15. v  .5944    2.8824    3.4768  .0304     .£130     .2434  3.7  7 

7  .6466    16.4  .7152    2.2719     2.9871  .0381     .2525     .2906  3.6  7 

8  .5240  16.1  .5724  2.7669  3.3393  .0309  .2059  .2368  3.5  7 
Ave.  .5272    16.1  .6445    2.5433    3.1878  .0331     .2059     .2390  3.5  7 

Average  day  cotyledons  were  shed  -  7.4 
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Table  15 

Series  C 

Water  Culture 

Large  Seeds 

Density  3  (  1.22  Sp.Gr. 

Temperature  25°  C 

Seed 

Daily  Growth  Increments 

in  Centimeters 

No .  IH 

1 

•la 

2 

3        4        5  6 

7 

8 

9 

10 

JL  \J 

11  TIT 

Hypocotyl 

a/           JL  ♦ 

1.0 

3.0 

4.7  1.3 

n  .0 

10  1.0 

1.5 

JL  •  «-> 

3.1 

5.7    4.4  .7 

X  c  .  *± 

11  1.2 

11          JL  • 

1.6 

JL  «  w 

3.1 

3.9     2.2  .4 

12.4 

JL       •  J 

12  1.0 

JL***          JL  •  v/ 

1.2 

JU  •  Kv 

3.5 

4.4  2.2 

12.3 

13  1.6 

1.6 

3.0 

3.5    1.9  ,2 

11 .8 

14  1.0 

1.3 

b.l 

1.6  2.0 

11.0 

Ave. 1.13 

1.37 

3.47 

3.97  2.33  .22 

12.48 

First  Internode 

9 

.3 

IT 

•  3 

T         C             A        f             A        "1  T 

1.5     4.6     4.1  .1 

10.9 

10 

.2 

•  4 

•5     1.4     6.2  4.3 

2.1 

•  8 

•  1 

16.0 

11 

.4 

•  3 

.6     2.9     4.6  3.3 

.7 

•4 

13.2 

12 

.3 

•  4 

.4     2.4     4.9  4.5 

1  .0 

•  1 

14.0 

13 

.3 

.3 

.6    2.4    4.8  3.6 

1.0 

.2 

.1 

13.3 

14 

.3 

.3 

.7     2.9     5.1  3.5 

1.0 

.2 

14.0 

Ave . 

•  3 

.33 

.72  2.77  4.95  3.22 

.97 

•  28 

.03 

13  .57 

Second  Internode 

9 

.2       .3     1.0  4.0 

3  .9 

•  5 

9  .9 

10 

•  1       .3  .3 

•  7 

1 .4 

1 .4 

.5 

.5  5,2 

11 

•  1       .3  .4 

2.2 

2.4 

1.1 

.3 

.1  6.9 

12 

O                 1  O 

2.5 

1 . 8 

•  5 

.4 

6.5 

13 

.1       .2  .6 

2.3 

3.2 

.8 

.8 

.1  8.1 

14 

.1       .3  1.1 

4.4 

3.5 

1.1 

►.3 

10.8 

Ave. 

•  Uo     .15     .40  l.<sU 

C  •  67 

£  .13 

•  38 

.12  7.90 

Third  Internode 

9 

.4 

.3 

.2 

.9 

10 

.1 

.1 

.1 

.3 

11 

.2 

.2 

.1 

.5 

12 

.2 

.1 

.1 

.4 

13 

.1 

.4 

.1 

.6 

14 

.1 

.5 

.2 

.4 

.4 

.1  1.7 

Ave . 

.12 

.18 

.18 

.15 

.08 

.02  .73 

Fourth  Internode 

9 

.1 

•  JL 

.1 

14 

.1 

.1 

.2 

Ave . 

.02 

.02 

.05 

58 


Table  15  (Continued) 
Seed  Daily  Growth  Increments  in  Centimeters 


No. 

IH 

1 

2 

3 

4 

5 

6 

7  8 

9 

10 

11  TH 

Shoot 

9 

1.0 

1.3  3.3 

6.4 

6.2 

5.1 

4.5 

4.2       .7  .1 

32.8 

10 

1.0 

1.7  3.5 

6.2 

5.9 

7.2 

4.6 

2.9     2.3  1.6 

.5 

.5  37.9 

11 

1.2 

2.0  3.4 

4.5 

5.2 

5.3 

3.7 

2.9  3. 

0  1.3 

.4 

.1  33.0 

12 

1.0 

1.5  3.9 

4.8 

4.8 

5.2 

5.5 

3.6  1. 

9  .6 

.4 

33.2 

13 

1.6 

1.9  3.3 

4.1 

4.4 

5.2 

4.2 

3.4  3. 

8  1.0 

.8 

.1  33.8 

14 

1.0 

1.6  5.4 

2.3 

5.0 

5.4 

4.7 

5.9  4. 

0  1.6 

.7 

.1  37.7 

Ave. 

1.13 

1.67  3.80 

4.72 

!  5.25 

5.57 

4.53 

3.82  2. 

62  1.03 

.47 

.13  34.73 

Wt  &  Length 

Fresh  Weight 

Dry  Weight 

Diam  Day 

Seed  (gram) (mm) 

in  grams 

of 

in 

grams 

of 

(mm) 

Ho. 

of 

seed 

Root 

Shoot 

Plant 

Root 

Shoot 

Plant 

9 

.5923 

17.3 

.3324 

2.9589 

3. 

2913 

.0295 

.2402 

.2697 

3.7  6 

10 

.5125 

16.9 

.4114 

2.7828 

3.1942 

.0324 

.2171 

.2495 

—  6 

11 

.4429 

15.9 

.3349 

2.1594 

2.4943 

.0222 

.1793 

.2015 

3.1  6 

IE 

.49  32 

15.9 

.339  6 

2.8094 

3. 

1490 

.0250 

.2135 

.2385 

3.6  8 

13 

.4840 

17.0 

.3634 

2.3469 

2. 

7103 

.0261 

.1897 

.2158 

—  6 

14 

.5795 

18.2 

.4049 

2.7304 

3. 

1353 

.0276 

.2197 

.2473 

3.5  6 

Ave. 

.5174 

16.9 

.3644 

2.6313 

2.9957 

.0271 

.2099 

.2370 

3.5  6.3 

Average  day  cotyledons  were  shed  -  8.7 
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Series  C 

Density  4  (1.17  Sp.  Gr.  ) 


Table  16 
Water  Culture 


Large  Seeds 
Temperature  25°C 


seed 
Ho 

15 
16 
17 
18 


Daily  Growth  Increments  in  Centimeters 


Ave.     1.10  2.05  4.92  4.33  1.08  .10 


IH 

1.4  3.0  6.8  2.7 

1.0  2.6  6.4  3.1 

1.0  1.3  2.8  4.8 

1.0  1.3  3.7  6.7  2.0 


4        5  6 
Hypocotyl 
.2 
.2 

1.9  ,4 


8 


10  11 


First  Internode 


15 
16 
17 
18 
Ave  • 


15 
16 
17 
18 

Ave. 


15 
16 
17 
18 
Ave. 


15 
16 
17 
18 

Ave. 


.4 
.3 
.2 
.2 
.28 


.3 
.4 
.2 
.2 


2.3 
1.0 
.7 
.9 


4.4 
3.3 
1.6 
1.7 


4.6 
4.4 
5.1 
3.8 


1.6 
2.5 
4.1 
4.5 


.27  1.23  2.75  4.47  3.17 


.7 
.6 
.9 
1.0 
.80 


.1 

.3 
.2 
.15 


Second  Internode 

•  2  .4  .9  2.3  1.1 
.1      «2      .2      .2  .4 

.1      .3      .7    2.2  2.4 

.1      .3      .8    2.5  2.3 

.12     .30     .65  1.80  1.55 


.1 
.5 
.8 
.9 
.58 


Third  Internode 

.1  .1  .1 

.2  .2 

.2  .2 


.2 
.5 
.3 
.7 
.42 


.1 
.2 


.12     .12     .03  .07 


1.4 
1.0 
1.0 
1.0 
1.1 


3.4 
2.9 
1.5 
1.5 


7.1 

6.8 
3.0 
3,9 


5.0 
4.1 
5.5 
7.6 


4.8 
3.6 
3.6 
3.8 


Shoot 

5.0  2.5 
4.6  2.7 
5.8  4.8 

4.1  5.3 


.2 
.5 

^9 


2.32  5.2    5.55  3.95  4.88  3.82  2.73  1.82 


.3 
.7 
.5 
.7 
.5 


TH 

14.1 
13.3 
12.2 
14.7 
13.581 


14.4 
12.5 
13.1 
12.5 
13.13 


5.2 
.3  2.4 
.2  7.0 
.2  7.8 
.18  5.6CI 


.4 
.2 

.1  .5 
.4 

.03  .31 


.3 

Z 
.2 


34.: 
28.4 
32. £ 
35.4 

3&68 


Wt  &  Length 
d  (gram)  (mm) 

Eresh  Weight 

Dry  Weight 

Diam 

oee 

in 

grams 

of 

in 

grams 

Of 

(mm) 

No 

of  seed 

Root 

Shoot 

Plant 

Root 

Shoot 

Plant 

15 

.4058  15.6 

.3689 

2.2759 

2.6448 

.0218 

.1704 

.1922 

3.2 

16 

.3132  15.2 

.2237 

1.7707 

1.9944 

.0136 

.1280 

.1416 

3.0 

17 

.4350  15.8 

.3557 

2.2772 

2.6329 

.0201 

.1784 

.1985 

3.2 

18 

.4324  16.4 

.3905 

2.2199 

2.6104 

.0216 

.1748 

.1964 

3.1 

Ave.  .3966  15.8 

.3347 

2.1359 

2.4706 

.0193 

.1629 

.1822 

3.1 

Average  day  cotyledons  were  shed  -  8.6 
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Series  C 

Density  5  (1.12  Sp.Gr.) 


Tahle  17 


Water  Culture 


Large  Seeds 
Temperature  25°C 


Seed 


Daily  Growth  Increments  in  Centimeters 

8  9 


No . 

IH 

1 

2 

3        4        5  6 

7 

Hypocotyl 

19 

2.2 

2.1 

3.8 

5.0  1.0 

20 

1.0 

2.4 

5.5 

4.3  1.0 

21 

1.5 

3.1 

d  .7  .8 

A  O 

0  •  c 

o     C  C 

c  •  D  .0 

Ave 

IT 

«5  . 

A  AC\ 

o»oo  .oo 

rirsx  inuernocLe 

19 

.2 

.2 

1.1 

1.6     &.5    4.9  1.0 

20 

.2 

.4 

.8 

2.4    5.0    3.8  .3 

.3 

21 

.4 

.5 

1.2 

3.8    4.4    1.4  .3 

.1 

22 

.4 

.3 

1.9 

4.2    3.9     1.5  .4 

.1 

Ave 

.  .3 

.35 

1.25 

3.0    4.7     2.9  .5 

.13 

Second  Internode 

19 

.2  .6 

1.6 

20 

.3  .4 

1.0 

21 

.1       .7  1.4 

2.3 

22 

•2       .3  .6 

1.4 

Ave 

.08     .37  .75 

1.58 

10    11    12  TH 

14.1 
14.2 
11.4 
14.5 
13.53 


14.5 
13.2 
12.1 
12.7 
15  J3 


2.6 
1.0 
.6 
1.3 


1.5 
.4 
.4 
.2 
.63 


.2  .1 
.4  .1 


.15  .05 


Third  Internode 


19 

.2 

.2 

.1 

.3 

.1 

20 

.1 

.1 

21 

.2 

.1 

.1 

22 

.2 

.1 

Ave 

.10 

.15 

.08 

.10 

.02 

Shoot 

19 

2.2 

2.3 

4.0    6.1     2.6  5.7 

5.5 

2.8 

2.5 

1.6 

,5 

.3 

20 

1.0 

2.6 

5.9     5.1    3.4  5.3 

4.2 

1.3 

1.4 

.5 

.4 

.1 

21 

1.5 

3.7 

3.6    3.9    4.7  5.1 

2.8 

2.8 

.8 

.5 

22 

2.1 

4.6 

5.5    4.4     4.9  4.2 

2.1 

1.8 

1.6 

.2 

.1 

Ave 

.1.7 

3.3 

4.75  4.88  3.90  5.07 

3.65 

2.18 

1.57 

.7 

.25 

.10 

6.6 
3.6 
5.5 
4.0 
4.931 


.9 

.2 
.4 
.3 
4ti 


.1  36.2 
3L2 
29.4 
315 


V/t  &  Length 

Fresh  Weight 

Dry 

Weight 

Diam  Day 

(  gram )  (  mm ) 

in  grams  of 
Root  Shoot 

in 

grams  of 

(  mm) 

of  seed 

Plant 

Root 

Shoot 

Plant 

19 

.5540  15.5 

.2764  2.6869 

2.9633 

.U185 

.2193 

.2378 

3.2 

i> 

20 

.3434  15.1 

.2644  1.9541 

2.2185 

.0159 

.1454 

.1613 

3.0 

6 

21 

.4139  15.2 

.3004  2.2684 

2.5688 

.0215 

.1714 

.1929 

3.5 

7 

22 

.3475  15.2 

.2384  1.8859 

2.1243 

.0196 

.1434 

.1630 

3.0 

7 

Ave 

'..4147  15.3 

.2699  2.1988 

2.4687 

.0189 

.1699 

.1888 

3.2 

62 

Average  day  cotyledons  were  shed  -  9 
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Table  18 

Series  A 

Water  Culture 

Small 

Seeds 

Temperature 

25^  C 

Den- 

Average Daily  Growth  Increments 

in  Centimeters 

sity 

IH 

1 

2 

3 

4        5  6 

7 

8 

9 

10 

11 

TH 

Hypoootyl 

1 

1.83 

1.62 

3.90 

3.30 

.43  .01 

11.09 

2 

1.85 

4.05 

4.47 

1.53 

.21 

12.11 

3 

1.29 

3.59 

4.12 

1.45 

.20 

10.65 

4 

1.47 

2.03 

4.  73 

2.38 

.30  .04 

10.95 

5 

1.50 

2.17 

4.17 

2.56 

.71  .11 

11.23 

6 

1.25 

3.07 

5.23 

2.27 

.33  .02 

12.17 

First  Internode 

1 

.26 

.47 

1.63 

3.45  3.13  1.59 

.45 

.16 

.01 

11.15 

2 

.40 

.77 

1.84 

3.68  2.94  1.56 

.56 

.19 

.01 

11.95 

3 

.36 

.75 

2.34 

3.60  2.86  1.29 

.40 

.15 

11.75 

4 

.28 

.50 

1.54 

3.96  3.11  1.66 

.53 

.  25 

.01 

11.84 

5 

.24 

.36 

1.13 

2.81  2.90  1.84 

.70 

.10 

.03 

10.11 

6 

.27 

.59 

1.58 

3.30  2.63  1.32 

.50 

.13 

.07 

10.37 

Second  Internode 

1 

.04 

.10    .16  .21 

.41 

.35 

.25 

.08 

.05 

1.65 

2 

.04 

.15     .05  .13 

.20 

.29 

.07 

.01 

.94 

3 

.10 

.15     .06  .17 

.30 

.20 

.08 

.03 

.01 

1.10 

4 

08 

.10     .09  .10 

.16 

1  ft 

1  ft 

.02 

.91 

5 

.03 

.10     .13  .08 

.16 

.17 

.19 

.13 

.03 

1.01 

6 

.10     .Id  .02 

.08 

.08 

.05 

.48 

Third  Internode 

1 

.01 

.01 

.05 

.01 

.08 

2 

.01 

.03 

.03 

.06 

3 

.01 

.03 

.01 

.01 

.06 

4 

.01 

.04 

.01 

.06 

5 

.01 

.03 

.04 

6 

.02 

•  02 

Shoot 

1 

1.83 

1.89 

4.37 

4.96 

3.98  3.30  1.81 

.88 

.56 

.27 

.07 

.05 

23.97 

2 

1.85 

4.45 

5.25 

3.40 

4.04  2.99  1.69 

.77 

.50 

.11 

.01 

25.06 

3 

1  o  29 

3.95 

4.87 

3.88 

3.95  2.93  1.47 

.72 

.36 

.08 

.03 

.03 

23.56 

4 

1.47 

2.30 

5.24 

3.99 

4.36  3.24  1.76 

.69 

.45 

.24 

.04 

23.78 

5 

1.50 

2.41 

4.52 

3.71 

3.63  3.14  1.93 

.86 

.29 

.24 

.13 

.03 

22.40 

6 

1.25 

3.33 

5.80 

3.85 

3.74  2.80  1.34 

.58 

.23 

.08 

23.00 

Table  18  (Continued) 


Den- 

Average 

Average  fresh 

Average  dry  weight 

Ave  rage 

sity 

Wt  &  Length 

weight 

in  grams  of 

in 

grams 

of 

Diam 

( gram J  (mm J 
of  seed 

Root 

Shoot 

Plant 

Root 

Shoot 

Plant 

(mm) 

1 

.2666  10.7 

.3269 

1.3800 

1.7069 

.0170 

.1010 

.1180 

2.6 

2 

.2581  10.8 

.3318 

1.3084 

1.6402 

.0184 

.0941 

.1125 

2.7 

3 

.2757  10.8 

.3648 

1.3596 

1.7244 

.0196 

.0992 

.1188 

2.7 

4 

.2526  10.4 

.3197 

1.2845 

1.6042 

.0164 

.0931 

.1095 

2.6 

5 

.2227  10.5 

.3024 

1.1356 

1.4380 

.0157 

.0839 

.0996 

2.5 

6 

.1713  10.1 

.2212 

.9623 

1.1835 

.0124 

.0657 

.0781 

2.3 

Relation  of  Relation  of  Average  day  Average 

Average  Dry  Weight    Average  Dry  Plant   '/eight    Cotyledons  day 
to  to  were  shed  used 


Ave  rage 

Fresh 

V/e  ight 

Average  Seed  Weight 

in 

per  cent. 

in  per  cent 

Root 

Shoot 

Plant 

1 

5.2 

7.3 

6.9 

44.3 

7.4 

5 

2 

5.5 

7.2 

6.9 

43.5 

7.3 

6 

3 

5.4 

7.3 

6.9 

43.1 

7.0 

6 

4 

5.1 

7.3 

6.8 

43.3 

7.0 

6.1 

5 

5.2 

7.4 

6.9 

44.7 

7.2 

5.6 

6 

5.6 

6.8 

6.6 

45.6 

6.5 

5.2 
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Series  B 


ten- 
sity IH 


Table  19 


Water  Culture 


Medium  Seeds 
Temperature  25°C 


Average  Daily  Growth  Increments  in  Centimeters 


8 


10    11  12 


TH 


Hypocotyl 

1 

1.94 

4.32 

5.35 

1.84 

.10 

13.55 

2 

2.25 

4.60 

4.58 

2.14 

.07 

13.64 

3 

1.84 

5.50 

6.33 

1.34 

•  05 

15.05 

4 

1.86 

4.21 

5.24 

.94 

.09 

12.34 

5 

1.43 

2.10 

6.59 

3.44 

.87     .01  .06 

14.47 

6 

1.84 

3.27 

6.17 

3.06 

.53  .11 

14.99 

First  Internode 

1 

.44 

.84 

2.99 

4.17  2.52     .84  .16 

11.96 

2 

.40 

.66 

2.29 

4.61  3.85  1.60  .51 

.15 

14.08 

3 

.44 

1. 28 

2.90 

4.05  2.51     .94  .30 

.06 

•  02 

.02 

12.50 

4 

.51 

1.10 

3.74 

3.85  1.53     .63  .25 

.06 

11.66 

5 

.33 

.51 

1.81 

4.16  4.67  2.64  .97 

.34 

.06 

.01 

15.51 

6 

.33 

.57 

1.81 

5.24  3.70  1.51  .63 

.24 

.01 

14.06 

Second  Internode 

1 

.15 

.31     .91  2.36  2.98 

1.19 

.41 

.10 

.05 

8.46 

2 

.06 

.18     .21     .42  1.24 

1.53 

.52 

.10 

4.26 

3 

.04 

.16 

.20     .66  2.23  1.84 

1.14 

.42 

.06 

.01 

6.76 

4 

.18 

.14 

.16     .84     .98  .73 

.36 

.21 

.05 

3.64 

5 

.01 

.04     .20     .23  .40 

.57 

.36 

.23 

.16 

2.20 

6 

.01 

.09     .24     .40  .47 

.54 

.49 

.24 

.07 

.06  2.61 

Third  Internode 

1 

.15  .25 

.15 

.14 

.10 

.05 

.84 

2 

.04 

.16 

.08 

.28 

3 

.11  .15 

.16 

.18 

.08 

.05 

.73 

4 

.05 

.08 

.05 

.03 

.20 

5 

.04 

.01 

.04 

.10 

6 

.03 

.01 

.04 

.03 

.01 

.01  .14 

Fourth  Internode 


Shoot 

1  1.94  4.76  6.19  4.97  4.59  3.44  3.35  3.39  1.34 

2  2.25  5.00  5.24  4.49  4.86  4.06  2.02  1.79  1.84 

3  1.84  5.94  7.63  4.40  4.30  3.18  3.28  2.29  1.36 

4  1.86  4.73  6.33  4.85  4.08  1.69  1.46  1.27  .86 

5  1.43  2.43  7.10  5.27  5.07  4.89  2.90  1.37  .91 

6  1.84  3.60  6.74  4.89  5.86  4.06  1.91  1.13  .80 


.05  .01  .06 


.55  .20  .10  34.81 

.60  .10  32.25 

.67  .15  .06  35.10 

.41  .24  .05  27.83 

.46  .26  ,20  32.29 

.54  .27  .09  j07  31.80 


Table  19  (Continued) 


64 


Den-    Average  Average  fresh  Average  dry  weight  Average 


Wt  &  Length 

weight  in  grams  of 

in  grams 

of 

Diam 

( gram ) 

(mm) 

Root 

Shoot 

Plant 

Root 

Shoot 

Plant 

(mm) 

of 

seed 

1 

.4407 

13.7 

.3495 

2.1925 

2.5420 

.0239 

.1715 

.1954 

3.1 

2 

.3851 

12.9 

.3240 

1.8985 

2.2225 

.0199 

.1492 

.1691 

2.9 

3 

.3915 

13.5 

.3002 

2.0435 

2.3437 

.0197 

.1519 

.1716 

3.0 

4 

.3134 

13.1 

.3501 

1.6348 

1.9849 

.0191 

.1164 

.1355 

2.8 

5 

.3290 

13.1 

.3259 

1.6671 

1.9930 

.0195 

.1216 

.1411 

2.9 

6 

.2915 

13.3 

.3139 

1.5851 

1.8990 

.0169 

.1148 

.1317 

2.7 

Relation 

of 

Relation  of 

Average  dqjrAverag 

Average  Dry 

'■/eight 

Average  Dry  Plant  ./eight 

cotyledons 

day 

to 

to 

were  shed 

used 

Average  Fresh 

height 

Average  Seed  V/eight 

in  percent 

in  per  cent 

Root 

Shoot 

Plant 

1 

6.9 

7.8 

7.7 

44.3 

7.5 

6.5 

2 

6.1 

7.9 

7.6 

43.9 

7.6 

6 

3 

6.6 

7.4 

7.3 

43.8 

7.8 

6 

4 

5.5 

7.1 

6.8 

38.7 

6.5 

6 

5 

5.9 

7.3 

7.1 

36.1 

8.0 

6 

6 

5.4 

7.2 

6.9 

45.2 

7.2 

6 

Series  C 


Den- 
sity IH 


Table  20 


V/ater  Culture 


65 


Large  Seeds 
Temperature  25°C 


Average  Daily  Growth  Increments  in  Centimeters 


1 

2 
3 
4 
5 


1 
2 
3 
4 
5 


1 
2 
3 
4 
5 


5  6 
Hypocotyl 


8 


10    11  12 


TH 


1 

1.80 

2.40 

5.65 

2.25 

.05 

12.  IE 

2 

1.87 

2.93 

5.13 

2.33 

.10 

12.  Zr, 

3 

1.13 

1-37 

3.47 

3.9  7 

2.33  .22 

J-  —  .  ^v. 

4 

1.10 

2.05 

4.92 

4.33 

1.08  .10 

5 

1.  70 

3.00 

4.40 

3. 63 

.83 

"1  3 

First  Internode 

1 

.40 

1.15 

4.35 

4.15  2.25  .70 

.15 

13.  IE 

2 

.43 

.85 

3.73 

4.25  3.18  .62 

.12 

13.18 

3 

.30 

.33 

.72 

2.77  4.95  3.22 

.97 

.28 

.03 

13.57 

4 

.28 

.27 

1.23 

2.75  4.47  3.17 

.80 

.15 

13.12 

5 

.30 

.35 

1.25 

3.00  4.70  2.90 

.50 

.13 

13.12 

Second  Internode 

1 

.25 

.30 

1.20  3.70  2.70 

1.05 

.35 

.15 

9.7C 

2 

.30 

.45  1.52  3.90 

2.38 

.68 

.13 

9.3*; 

3 

.03 

.15     .40  1.20 

2.67 

2.13 

.82 

.38 

.12 

7.9C 

4 

.12     .30  .65 

1.80 

1.55 

.58 

.42 

.18 

5.6( 

5 

.08     .37  .75 

1.58 

1.30 

.63 

.15 

.05 

.02  4.95 

Third  Internode 

.05     .15  .25 
.12     .28  .37 
.12  .18 
.12 


.20  .15  .10  .15  .10  l.lEi 

.28  .08  .03  1.11 

.18  .15  .08  .02  .73 

.12  .03  .07  .03  .3 

.10     .15  .08  .10  .02  .43 


Fourth  Intornode 


.05  .0! 


1.80  2.80  6.80 
1.87  3.37  5.98 
1.13  1.66  3.80 
1.10  2.32  5.20 
1.70  3.30  4.75 
Ave  rage 
tit  &  Length 
( gram )   ( mm ) 

of  seed 
.4957  16.2 
.5272  16.1 
.5174  16.9 
.3966  15.8 
.4147  15.3 


Shoot 

6.85  4.50  3.50  4.55  3.10  1.25  .50  .25  .15  .15  35. 2C 
6.37  4.80  4.82  4.80  2.87  .97  .18  .07  36.06 
4.71  5.25  5.56  4.57  3.81  2.62  1.03  .46  .13  34. 72 

5.55  3.95  4.88  3.82  2.73  1.82  .60  .50  .20  32.66 
4.88  3.90  5.07  3.65  2.18  1.57  .70  .25  .10  .02  32.0 


Average  fresh 
weight  in  grams  of 


Root 

.5499 

.6445 

.3644 

.3347 

.2699 


Shoot 

2.4527 

2.5433 

2.6313 

2.1359 

2.1988 


Plant 

3.0026 

3.1878 

2.9957 

2.4706 

2.4687 


Average  dry  weight 
in  grams  of 


Root 

.0295 

.0331 

.0271 

.0193 

.0189 


Shoot 
.1872 
.2059 
.2099 
.1629 
.1699 


Plant 
.2167 
.2391 
.2370 
.1822 
.1888 


Ave  rage 
Diam 
(mm) 
3.3 
3.5 
3.5 
3.1 
3.2 
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Table  20  (Continued) 


n- 

filiation 

of 

Relation  of 

Ave  rage  day 

Aver 

•ty 

Average  Dry- 

.Veight 

Average  Dry  Plant  //eight 

cotyledons 

age 

to 

to 

were  shed 

day 

Average  Fresh 

Weight 

Average  Seed  height 

used 

in  per  cent 

in  per  cent 

Root 

Shoot 

Plant 

1 

5.4 

7.6 

7.2 

43.7 

7.5 

8 

2 

5.2 

8.1 

7.5 

45.3 

7.4 

7 

3 

7.4 

8.0 

7.9 

45.8 

8.7 

6.3 

4 

5.8 

7.6 

7.4 

45.9 

8.6 

6 

5 

7.0 

7.7 

7.6 

45.5 

9.0 

6.3 
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Table  21 


Series  D  Soil  Culture  Small  Seeds 

Density  1  (1.32  Sp.Gr. )  Temperature  25°G 


Seed 

Daily  Growth  Inorements 

in  Centimeters 

no. 

TU 
111 

A. 

2 

3 

4        5  6 

7 

8        9  10 

11         1  n 

Hypocotyl 

1 

2.1 

2.2 

5.4 

5.4 

.5 

15.6 

2 

2.9 

3.5 

7.0 

3.4 

16.8 

3 

1.0 

1.5 

3.3 

6.6 

.8 

13.2 

4 

1.2 

2.5 

5.2 

4.4 

13.3 

5 

1.7 

2.1 

6.2 

5.6 

.4 

16.0 

6 

1.7 

2.7 

6.3 

5.7 

.1 

16.5 

7 

.8 

2.4 

4.2 

4.5 

11.9 

Ave. 

1.63 

2..  4 

5.08 

.26 

14.76 

First  Internode 

1 

.2 

.3 

1.6 

4.0    2.1  .7 

.2 

.1 

9.2 

2 

.3 

.8 

3.6 

3.5    1.0  .3 

9.5 

3 

.1 

.3 

1.3 

3.5    2.3  .6 

.3 

.1 

8.5 

4 

.2 

.4 

2.0 

2.8    1.2  .5 

.1 

7.2 

5 

.3 

.4 

2.3 

4.5    1.8  .4 

.3 

10.0 

6 

.3 

.4 

2.6 

4.7    1.8  .5 

.1 

10.4 

7 

.2 

1.1 

2.8 

4.6     2.2  .6 

11.5 

Ave. 

.23 

•  oo 

2.31 

3.94  1.77  .51 

1  A 

.  14 

•  KJC 

9.47 

Second  Internode 

1 

.1 

.2  .1 

.1 

.5 

2 

.2 

.1      .1  .1 

.1 

•  6 

3 

.1 

.2       .2  .5 

.9 

.5 

2.4 

4 

.2 

.2       .7  1.7 

.5 

.1 

3.4 

5 

.2 

.2       .2  .4 

.7 

.3 

2.0 

6 

.2 

*  2      .2  .2 

.1 

.9 

7 

.1 

.2       .3  1.1 

1.0 

.6 

3.3 

Ave. 

.16 

.18     .26  .57 

.49 

.21 

1.87 

Third  Internode 

3 

.1 

.1 

4 

.1 

.1 

5 

.2 

.2 

7 

.1 

.1 

.1 

.3 

Ave. 

.03 

.04 

.03 

.10 
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Table  £1  (Continued) 
Seed  Daily  Growth  Increments  in  Centimeters 


No, 

1 

£ 

3 

4 

5 

6 

7 

8  9 

10 

11  TH 

Shoot 

1 

£.1 

£.4 

5.7 

7.1 

4.7 

£.£ 

.7 

.3 

.1 

25.3 

£ 

£.9 

3.8 

7.8 

7.2 

3.6 

1.1 

»4 

.1 

26.9 

3 

1.0 

1.6 

3.6 

8.0 

4.5 

2.5 

1.1 

1.2 

,7 

24.2 

4 

1.2 

£.7 

5.6 

6.6 

3.0 

1.9 

£t3 

,6 

.1 

24.0 

5 

1.7 

£.4 

6.6 

8.1 

5.1 

£.0 

.8 

1.2 

.3 

28.2 

6 

1.7 

3.0 

6.7 

8.5 

5.0 

£.0 

.7 

.2 

27.8 

7 

.8 

£.6 

5.3 

7.4 

4.8 

£.5 

1.8 

1.1 

.7 

27.0 

Ave. 

1.63 

£.64 

5.90 

7.56 

4.38 

£.03 

1.11 

.67 

.27 

26.20 

Wt  &  Length 

Seed  ( gram)  ( mm ) 

No.  of  seed 

1  .2417  11.1 

£  .£6£5  10.3 

3  .3138  10.9 

4  .3343  11.0 

5  .318£  11.1 

6  .£702  11.1 

7  .£764  11.5 
Ave.  .£881  11.0 


Fresh  Weight  Dry  Weight             Diam  Day 

in  grams  of  in  grams  of  (ram) 

Root      Shoot      Plant  Root      Shoot  Plant 

.£970    1.4696    1.7666  .0180     .0847     .10£7    £.6  5 

.3764    1.66£4    £.0388  .0183     .104£     .1££5    £.8  6 

.£069     1.7476    1.9545  .0£04     .1196     .1400    2.8  6 

.5236    1.5804    2.1040  .0288     .1234     .1522    3.0  6 

.3339     1.9064    2.2403  .0179     .1208     .1387     2.8  6 

.2994    1.7291     2.0285  .0189     .1087     .1276    2.5  6 

.3594    1.5830    1.9424  .0178     .1023     .1201    2.9  7 

.3424    1.6683    2.0107  .0200     .1091     .1291     2.8  6 


Average  day  cotyledons  were  shed  -  7.3 


Table  22 


Series  D  Soil  Culture  Small  Seeds 

Density  2  (1.27  Sp.Gr. )  Temperature  250C 

Seed  Daily  Growth  Increments  in  Centimeters 


No- 

TH 

T 

JL 

p 

4.          ^  fi 

"x             *J  9 

7 

• 

Q 

1 0       11.  TTT 
iu  j — l  in 

8 

2.5 

3.4 

6.2 

1.0 

.1 

13.2 

9 

2.1 

4.1 

6.4 

1.9 

14.5 

10 

1.3 

2.6 

5.5 

1.1 

.1 

10.6 

11 

2.5 

2.3 

5.2 

.9 

10.9 

12 

3.1 

5.0 

6.1 

.7 

14.9 

13 

1.3 

3.5 

6.1 

.9 

11.8 

14 

1.8 

3.5 

5.9 

1.2 

.1 

12.5 

15 

2.3 

5.2 

3.4 

.1 

11.0 

Ave. 

2.11 

3.70 

5.60 

.98 

.04 

12.43 

First 

Internode 

8 

.4 

1.5 

4.0 

2.0 

.5 

.2 

.1 

8.7 

9 

.4 

.9 

3.1 

3.6 

1.0 

.1 

.1 

9.2 

10 

.2 

1.0 

2.6 

2.8 

1.3 

•  4 

.1 

8.4 

11 

.4 

.8 

2.5 

2.2 

.8 

.3 

7.0 

12 

.5 

2.1 

4.2 

3.1 

.6 

.3 

10.8 

13 

.5 

1.5 

3.0 

2.9 

1.1 

.3 

.2 

9.5 

14 

.3 

1.1 

2.5 

2.6 

1.0 

.3 

.1 

7.9 

15 

.9 

2.2 

2.5 

1.4 

.4 

.1 

7.5 

Ave. 

.45 

1.38 

3.05 

2.58 

.84 

.25 

.07 

8.62 

Second 

Internode 

8 

.2 

.2 

.3 

.8 

2.3  .8 

.2 

4.8 

9 

.1 

.1 

.1 

.1 

.1 

.5 

10 

.2 

.1 

.1 

.1 

.2 

.1 

.8 

11 

.2 

.1 

.3 

12 

.1 

.2 

.1 

.1 

.5 

13 

.1 

.1 

.1 

.2 

.2 

.1 

.1 

.9 

14 

.1 

.2 

.1 

.5 

1.1  1.0 

.1 

3.1 

15 

.1 

.3 

.2 

.6 

.1  .1 

1.4 

Ave . 

.11 

.18 

.14 

.30 

.50  .24 

.06 

.01 

1.54 

Third 

Internode 

8 

.1  .1 

.1 

.3 

13 

.1 

.1 

14 

.1  .1 

.2 

15 

.1  .1 

.2 

Ave. 

.04  .04 

.01 

.01 

.10 
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Table  22  (Continued) 


Seed 

Daily 

Growth  Increments  in 

Centimeters 

No 

IH 

1  2 

3 

4  5 

6 

7 

8  9 

10 

11  TH 

Shoot 

I  8 

2.5 

3.8  7. 

9 

5.2 

2.4  1.3 

2.6 

1.0 

.2  .1 

27.0 

9 

2.1 

4.5  7.4 

5.1 

3.7  1.1 

*2 

.1 

24.2 

10 

1.3 

2.8  6. 

7 

3.8 

3.0  1.4 

.6 

.1 

.1 

19.8 

11 

2.5 

2.7  6.0 

3.6 

2.3  .8 

.3 

18.2 

12 

3.1 

5.5  8.3 

5.1 

3.2  .7 

.3 

26.2 

15 

1.3 

4.0  7. 

7 

4.0 

3.0  1.3 

.5 

.2 

.2  .1 

22.3 

14 

1.8 

3.8  7.1 

3.9 

2.8  1.5 

1.5 

1.2 

.1 

23.7 

15 

2.3 

6.1  5. 

7 

2.9 

1.6  1.0 

.3 

.2 

20.1 

Ave. 

2.11 

4.15  7.10 

4.20  2.75  1.14 

.79 

.35 

.08  .02 

22.69 

Wt  &  Length 

Fresh  Weight 

Dry  Weight 

Diam  Daj 

Seed 

(gram)  (mm) 

in 

grams  of 

in  grams  of 

(mm) 

Ho. 

of  seed 

Root 

Shoot  Plant 

Root 

ohoot 

Plant 

8 

.3060 

10.7 

.3824 

1.7334  2.1158 

.0212 

.1191 

.1403 

2.8  6 

9 

.2626 

11.1 

.2429 

1.6229  1.8658 

.0189 

.1017 

.1206 

2.8  7 

10 

.2754 

10.8 

.3539 

1.5566  1.9105 

.0275 

.0986 

.1261 

3.0  6 

11 

.1957 

9.9 

.3885 

1.1730  1.5615 

.0244 

.0715 

.0959 

2.5  6 

12 

.2906 

10.6 

.4528 

1.7939  2. 

2467 

.0229 

.1107 

.1336 

2.8  6 

13 

.2711 

10.6 

.2030 

1.4645  1.6675 

.0133 

.0976 

.1109 

2.8  6 

14 

.2781 

10.8 

.3189 

1.4909  1.8098 

.0281 

.1058 

.1339 

2.7  6 

15 

.2525 

10.8 

.2594 

1.4203  1.6797 

.0187 

.0905 

.1092 

2.8  7 

Ave. 

.2665 

10.7 

.3252 

1.5319  1.8571 

.0219 

.0994 

.1213 

2.8  6.3 

Average  day  cotyledons  were  shed  -  6.8 
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Table  23 

Series 

i  D 

Soil 

Culture 

Small  Seeds 

Density  3 

( 1.22 

Sp.  Gr. ) 

Temperature 

250C 

o  c  t;  U. 

Daily  Growth 

Increments  in  Centimeters 

TW 

1 

2 

3 

4 

5  6 

7 

8 

Q 

TH 

Hypocotyl 

16 

2,2 

3.2 

5.1 

1.5 

.1 

12.1 

17 

1.7 

2.9 

5.8 

3.3 

.1 

13.8 

l  ft 

JL.  O 

3.1 

3.5 

.7 

8-9 

JL.  O 

2.6 

5.6 

5.3 

.5 

15.3 

?  T 
C  »  X 

4.2 

4.7 

.8 

11.8 

PT 

4.2 

5.0 

1.0 

13.4 

4.3 

3.1 

.4 

11.4 

P-4. 

(J 

3.9 

4.1 

.9 

.1 

11.4 

AVQl 

?«2fi 
C>«wU 

3.55 

4.61 

1.74  .1 

12.26 

First 

Internode 

16 

•4 

1.1 

2.4 

2.0 

.8  .3 

.1 

7.1 

17 

.3 

.3 

2.2 

3.6 

1.9  .6 

•  2 

9.1 

.3 

1.4 

2.9 

2.7 

1.0  .4 

8.7 

19 

.2 

.7 

2.7 

3.5 

1.0  .2 

8.3 

20 

.4 

1.2 

2.0 

2.6 

1.1  .4 

.1 

7.8 

21. 

•  4 

1.0 

2.5 

1.4 

2.1  .5 

•  1 

.1 

8.1 

22 

•  6 

1.7 

3.4 

1.8 

.6 

8.1 

23 

.7 

1.5 

2.6 

2.3 

.9  .2 

•  1 

8.3 

.41 

1.11 

2.59 

2.49 

1.18  .32 

.08 

.01 

8.19 

Second  Internode 

16 

.1 

.2 

.1  .1 

.5 

17 

.1 

.1 

.2  .1 

.1 

.6 

i  a 
lo 

.2 

.2  .1 

.1 

1  Q 
1? 

.1 

.3 

.2  .5 

.9 

.2 

2.2 

.1 

.2 

.1  .1 

.  ± 

.6 

21 

.1 

.2 

.1 

.4 

22 

.2 

.2 

.2  .4 

.2 

.1 

.1 

1.4 

<so 

.1 

.2 

.1 

a 
.  " 

A V8  • 

.01 

.11 

.18 

.14  .18 

.16 

.05 

.84 

Third  Internode 

X? 

.1 

•  1 

.2 

P  P 

.1 

.1 

.03 

.01 

.04 

Shoot 

16 

2.2 

3.6 

6.2 

4.0 

2.3 

.9  .4 

.1 

19.7 

17 

1.7 

3.2 

6.1 

5.6 

3.8 

2.1  .7 

.3 

23.5 

18 

1.6 

3.4 

4.9 

3.6 

2.9 

1.2  .5 

•  1 

18.2 

1.3 

2.8 

6.3 

8.1 

4.3 

1.2  .8 

1.0 

26.0 

20 

2.1 

4.6 

5.9 

2.9 

2.8 

1.2  .5 

_.l 

.1 

20.2 

21 

3.2 

4.6 

6.0 

3.6 

1.6 

2.2  .5 

.1 

.1 

21.9 

22 

3.6 

4.9 

4.8 

4.0 

2.0 

.8  f5 

.2 

.1 

.1 

21.0 

23 

2.4 

4.6 

5.7 

3.7 

2.4 

.9  "73" 

.1 

20.1 

Ave. 

2.26  3.96 

5.74 

4.44 

2.76 

1.31  .53 

.25 

.06 

.01 

21.32 

Seed 

Ho. 

16 

17 

18 

19 

20 

21 

22 

23 

Ave. 


Wt  Sc  Length 
(gram)  (mm) 

of  seed 
.2125  10.3 


.2551 
.1651 
.3619 
.2486 
.2145 
.2875 
.2099 
.2444 


11.4 
9.3 
11.0 
11.5 
10.4 
11.0 
11.1 
10.8 


Table  23  (Continued) 


Pre 
in 
Root 
.3659 
.2289 
.1399 
.4174 
.2254 
.2001 
.2722 
.2371 
.2609 


sh  Weight 
grams  of 
Shoot 
1.3140 
1.5836 
.9704 
2.2339 
1.4617 
1.2819 
1.5849 
1.2284 
1.4573 


Plant 
1.6799 
1.8125 
1.1103 
2.6513 
1.6871 
1.4820 
1.8571 
1.4655 
1.7182 


Dry 
in 

Root 

.0214 

.0253 

.0127 

.0245 

.0181 

.0132 

.0213 

.0156 

.0190 


Weight 
grams  of 
Shoot  Plant 


72 


Diam  D^r 
(mm) 


.0997  2.6 
.1261  2.8 


.0783 
.1008 

.0570  .0697  2.6 

.1414  .1659  3.0 

.0927  •1108  2.7 

.0818  .0950  2.6 

.0970  .1183  2.9 

.0765  .0921  2.7 

.0907  .1097  2.7  6-4 


7 
6 
6 
6 
6 
6 
7 
7 


Average  day  cotyledons  were  shed  -  6.8 
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Table  24 


Series  D  Soil  Culture  Small  Seeds 

Density  4  (1.17  Sp.Gr. )  Temperature  2#C 


Seed 

Daily  Growth  Increments 

in  Centimeters 

No. 

IH 

1 

2 

3 

4 

5 

6 

7  8 

9 

10 

11  TH 

Hypocotyl 

24 

1. 8 

1.9 

6.8 

3.0 

.3 

lo.  8 

25 

2.  7 

3.  7 

6.6 

1.1 

14. 1 

26 

1.8 

2.  8 

5.6 

2.2 

.1 

12.  5 

27 

1.8 

2.  5 

6.1 

4.0 

.1 

14.  5 

28 

2.7 

3.8 

6.4 

.6 

15.  5 

29 

2.  5 

2.9 

7.1 

3.2 

.1 

15.8 

30 

2.0 

2.2 

6.9 

3.8 

.1 

15.0 

31 

1.6 

2.  5 

6.9 

4.1 

•  4 

15.5 

Ave. 

2.11 

2.79 

0  .  DO 

2.75 

.14 

14.34 

First 

Internode 

24 

.3 

.5 

1.4 

4.5 

1.5 

.3 

.2 

8.7 

25 

.4 

1.6 

3.6 

2.8 

.5 

.2 

.2  .1 

9.4 

26 

.3 

.7 

2.2 

3.0 

1.2 

.2 

.1 

7.7 

27 

.3 

.9 

3.0 

3.6 

1.2 

9.0 

28 

.4 

.8 

3.9 

2.2 

.7 

8.0 

29 

.3 

.8 

2.9 

3.4 

1.0 

.5 

8.9 

30 

.3 

1.1 

3.6 

3.3 

1.4 

.2 

.1 

10.0 

31 

.2 

.9 

2.2 

3.5 

1.6 

.3 

8.7 

Ave. 

.31 

2.  85 

3.29 

1.14 

.21 

or  m 

8.80 

Second 

Internode 

24 

.2 

.1 

.3 

25 

.1 

.1 

.2 

.2 

.2 

.1 

.9 

26 

.1 

.3 

.2 

.1 

.2  .1 

1.0 

27 

.2 

.1 

.2 

.1 

.1 

.7 

28 

.2 

.1 

.2 

.4 

.1  .2 

1.2 

29 

.1 

.2 

.3 

.6 

1.8 

.8  .2 

.1 

.1 

4.2 

30 

.1 

.2 

.1 

.1 

.5 

31 

.2 

.1 

.1 

.1 

.5 

Ave. 

.03 

.14 

.19 

.21 

.35 

.16  .06 

.01 

.01 

1.16 

Third  Internode 


26  .1  .1 

28  .1  .1 

29  .1       .2  .3 
Ave.  .01     .04  .01  .06 
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Table  24  (Continued 
Seed  Daily  Growth  Increments  in  Centimeters 


No. 

IH 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10  11 

TH 

Shoot 

24 

1.8 

2.2 

7.3 

4.4 

5.0 

1.6 

.3 

.2 

22.8 

25 

2.7 

4.1 

8.3 

4.8 

3.0 

.7 

.4 

.3 

.1 

24.4 

26 

1.8 

3.1 

6.3 

4.5 

3.4 

1.4 

.3 

,3 

.2 

21.3 

27 

1.8 

2.8 

7.0 

7.2 

3.8 

It* 

,1 

.1 

24.2 

28 

2.7 

4.2 

7.2 

4.7 

2.3 

.9 

♦  4 

.2 

.2 

22.8 

29 

2.5 

3.2 

8.0 

6.3 

3.8 

1.6 

2.4 

1,0 

.2 

.1 

.1 

29.2 

30 

2.0 

2.5 

8.0 

7.5 

3.6 

1.5 

.3 

a 

25.5 

31 

1.6 

2.7 

7.8 

6.5 

4.0 

1.7 

.4 

24.7 

Ave. 

2.11 

3.10 

7.49 

5.74 

3.61 

1.35 

.58 

.27 

.09 

.01 

.01 

24.36 

Wt  &  Length  Fresh  Weight  Dry  Weight        Diam  Day 

Seed      (gram)  (ram)  in  grams  of  in  grams  of  (ram) 

No.  of  seed       Hoot        Shoot      Plant      Root      Shoot  Plant 


24 

.1952 

9.2 

.2685 

1.2651 

1.5336 

.0157 

.0785 

.0942 

2.4 

5 

25 

.2257 

10.7 

.1731 

1.4202 

1.5933 

.0134 

.0891 

.1025 

a  4 

5 

26 

.2360 

9.6 

.2199 

1.4066 

1.6265 

.0154 

.0888 

.1042 

2.5 

6 

27 

.2685 

11.2 

.1814 

1.5924 

1.7738 

.0169 

.0974 

.1143 

2.6 

6 

28 

.2209 

10.6 

.2001 

1.3500 

1.5501 

.0156 

.0844 

.1000 

2.5 

6 

29 

.3455 

11.2 

.2054 

1.9914 

2.1968 

.0204 

.1364 

.1568 

2.7 

6 

30 

.2342 

11.0 

.2379 

1.5309 

1.7688 

.0154 

.0906 

.1060 

2.4 

6 

31 

.2175 

10.4 

.2762 

1.4352 

1.7114 

.0175 

.0843 

.1018 

2.6 

6 

Ave. 

.2429 

10.5 

.2203 

1.4990 

1.7193 

.0163 

.0937 

.1100 

2.5 

&8 

Average  day  cotyledons  were  shed 


-  6.6 


1 

Series  D 

Soil  Culture 

Small  Seeds 

Density  5 

(1.12  3p.Gr. ) 

Temperature  25  C 

Seed 

Daily  Growth  Increments  in 

Centimeters 

No 

IH 

1 

2 

3 

4        5  6 

7 

8 

9 

10 

11  TH 

Hypocotyl 

32 

1.3 

2.7 

6.2 

6.3 

.7 

17.2 

33 

1.8 

3.8 

6.6 

4.9 

.2 

17.3 

34 

1.4 

2.9 

4.5 

2.8 

.1 

11.7 

35 

1.2 

2.6 

6.6 

4.4 

.3 

15.1 

36 

1.0 

1.7 

4.4 

7.2 

1.5 

15.8 

37 

1.6 

2.4 

5.3 

2.7 

12.0 

38 

1.0 

2.0 

5.4 

2.7 

.1 

11.2 

39 

1.0 

2.5 

6.7 

2.0 

.1 

12.3 

Ave  • 

1.29 

2.58 

5.71 

4.13 

.37 

14.08 

First  Internode 

32 

•  1 

•  3 

•  6 

3.0    2.8  1.0 

7.8 

33 

•  3 

•  6 

1.8 

3.7    2.4  »4 

.2 

9.4 

34 

•  3 

.7 

1.9 

2.9    1.3  .2 

7.3 

35 

.3 

.4 

1.8 

3.6    1.7  .4 

.1 

8.3 

36 

•  2 

.1 

.9 

3.3    2.9  1.1 

.7 

9.2 

37 

.2 

.8 

2.6 

2.7    1.6  .2 

8.1 

38 

.3 

.5 

1.4 

2.4    1.4  .1 

.1 

6.2 

39 

.2 

.8 

1.5 

2.3    2.1  .3 

.1 

7.3 

Ave  • 

.24 

.53 

1.56 

2.99  2.02  .46 

.15 

7.95 

Second  Internode 

32 

.1      .1  .1 

.1 

•  4 

33 

.1 

.2      .1  .2 

.4 

1.0 

34 

.1 

.2 

.3 

35 

.2 

.1 

.3 

36 

.1  .2 

.2 

.1 

#1 

.1 

.8 

37 

.2 

.1  .2 

.1 

.6 

38 

.1      .1  .1 

.3 

39 

.1 

.1 

•  2 

Ave  • 

.09 

.12     .09  .05 

.1 

.01 

.01 

.01 

.48 

Third  Internode 

36 

.1  .1 

Ave  • 

.01  .01 

Shoot 

32 

1.3 

2.8 

6.5 

6.9 

3.8    2.9  1.1 

25.4 

33 

1.8 

4.1 

7.2 

6.8 

4.1     2.5  .6 

.6 

27.7 

34 

1.4 

3.2 

5.2 

4.8 

3.2    1.3  .2 

19.3 

35 

1.2 

2.9 

7.0 

6.4 

4.0    1.7  ,4 

_*1 

23.7 

36 

1.0 

1.9 

4.5 

8.1 

4,9.    3.1  1.1 

.9 

.1 

•  1 

.1 

.1  25.8 

37 

1.6 

2.6 

6.1 

5.5 

2.8    1.8  ^gJL 

.1 

20.7 

38 

1.0 

2.3 

5.9 

4.1 

2.6    1.5  ,2 

.1 

17.7 

39 

1.0 

2.7 

7.5 

3.6 

2.5    2.1  .3 

.1 

19.8 

Ave  • 

1.29 

2.81 

6.24 

5.77 

3.49  2.11  .51 

o  PL 

.01 

.01 

.01 

JH  22.51 
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Table  25  (Continued) 


i/t  &  Length 

Fresh  Weight 

Drv 

7/eight 

Diam  Day 

Seed 

(  rnrn  j 

in  grams  of 

in 

of 

(  TTITn  1 

Ho. 

of 

Root 

Shoot 

Plant 

Root 

Shoot 

Plant 

32 

.2100 

10.1 

.1397 

1.1734 

1.3131 

.0140 

.0769 

.0909 

2.2 

5 

33 

.3033 

11.3 

.2511 

1.9759 

2.2270 

.0197 

.1305 

.1502 

2.9 

5 

34 

.1665 

9.4 

.1599 

.9990 

1.1589 

.0147 

.0640 

.0787 

2.6 

6 

35 

•  2175 

10.3 

.1286 

1.2916 

1.4202 

.0176 

.0836 

.1012 

2.3 

6 

36 

.1957 

11.0 

.1280 

1.2187 

1.3467 

.6127 

.0779 

.0906 

2.3 

5 

37 

.2786 

10.4 

.1908 

1.5432 

1.7340 

.0199 

.1029 

.1228 

3.0 

6 

38 

.2225 

11.0 

.1124 

.8514 

.9638 

.0083 

.0535 

.0618 

2.1 

6 

39 

.1374 

9.0 

.0924 

.8511 

.9435 

.0115 

.0512 

.0627 

2.2 

6 

Ave. 

.2164 

10.3 

.1504 

1.2380 

1.3884 

.0148 

.0801 

.0949 

2.5 

5.( 

Average  day- 

cotyledons  were 

shed  - 

6.9 
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Table  26 

series  D 

omall 

Seeds 

Density  6 

(Floated  at  1.12  S.  Gr. ) 

Temperature  25x2 

oeea. 

Daily  Growth 

Tvir»TAmpyi+q    In  HAnt'imAtPTPl 

jL        X            It  bD     JL  xl    uvliv  X  jUJw  yCI  O 

no  • 

JL 

p 

4         A         6         7         8  9 

10  11 

XV               JL  JL 

TH 

Hypocotyl 

15.7 

40 

2.3 

3.7 

7.4 

2.3 

AT 
4X 

^  n 
o  •  u 

3.1 

6.9 

2.5 

15.5 

A9 
4£ 

p  ^ 

3.1 

6.1 

1.6 

13.1 

40 

P  ^ 

3.2 

4.7 

.3 

10.5 

JL  V/  •  LS 

A  A 

1  7 
X.  < 

2.7 

4.8 

2.9 

12.1 

AA 

A 

4.6 

4.4 

.2 

12.8 

AA 
40 

X.  O 

2.4 

5.6 

3.4 

A 
•  4 

13.1 

X  %J  •  X 

£  .  OO 

3.26 

5.70 

1.89 

OA 

13.  27 

First  Internode 

40 

.4 

.7 

3.1 

3.7    1.2      .1  .1 

9.3 

4,1 

•  4 

.5 

2.5 

O. U     X. o        •  x 

ft  rr 

AP 
4£ 

.4 

•  7 

2.9 

^  n        ft  t 
o. u      . o      • x 

7  Q 

ACt 
40 

.4 

.7 

1.8 

PITA  T 
&  .X      1  •  O  » 

A  7 
o.  / 

AA 

.4 

.7 

3.3 

^   Q      1    P  ^ 

Q  ft 

AA 
40 

.2 

1.4 

2.5 

TP           P  1 
X.  £         .  <j  .X 

A  A 

4.A 
40 

.3 

.6 

2.2 

•5?   A           Q           A  1 
O.O          .7          .4  .X 

ft-1 

O  .  X 

AVfcJ  • 

.36 

.76 

2.61 

P   QA  1    OA        1  7  0*3 

Second  Internode 

40 

.2      .3  .1 

.6 

.  <v  .X 

•  o 

.2 

.X          .  X 

_A 

43 

.2 
• 

•  «j 

44 

.1 

.3      .1      .3  .1 

.9 

45 

.1 

.1  .1 

.3 

4.6 

.2 

1          4          A  A 

T.  ft 
x  •  o 

.11 

•  XU       «XO        •  Xi?  ilU 

Af 

XI1J.IU.    lli  UcX  IlUUc 

44. 

.  X 

T 

.  X 

4A 

T 

.  X 

.  X 

A  vp  . 

A  V  W  . 

Shoot 

40 

2*3 

4.1 

8.1 

5.4 

3.9    1.5      *1  .2 

25.6 

41 

3.0 

3.5 

7.4 

5.0 

3.2    1.6  ^ 

23.8 

42 

2.3 

3.5 

6.8 

4.7 

3.1      .9  .1 

21.4 

43 

2.3 

3.6 

5.4 

2.3 

2.2    1.6  .1   

17.5 

44 

1.7 

O.  JL 

A  K 

O  .  O 

4.2     1.3      .6  .2 

22.9 

45 

3.6 

4.8 

5.8 

2.8 

1.3      ,3  .1 

18.7 

46 

1.3 

2.7 

6.2 

5.8 

4.1    1.3    1.0  .7 

23.1 

Ave, 

2.36 

3.61 

6.46 

4.61 

3.14  1.21     .30  .16 

21. 8£ 
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Table  26  (Continued) 


no 

40 
41 
42 
43 
44 
45 
46 
Ave. 


Wt  &  Length 

Fresh  Weight 

Dry  Weight 

Diam 

Tl 

(gram) ( 

mm) 

in 

grams  of 

in  grams 

of 

i  mm; 

of  seed 

.KOOt 

&noou 

xianx 

"D  r\  s\  4- 
U00  U 

onoox 

Plant 

.2211 

11.6 

•  loll 

.  Ul  1  I 

•  lUlo 

et 
o 

.2180 

11.2 

1  1  7  A 

1.2422 

1.3596 

.0193 

.0845 

.  lUOO 

(v.  <3 

0 

.2279 

11.2 

.1244 

1.3122 

1.4366 

.0184 

.0873 

♦  1057 

o 

.1658 

10.1 

.0939 

.9190 

1.0129 

.0103 

.0641 

.0744 

2.3 

7 

.1751 

10.4 

.1084 

1.0634 

1.1718 

.0091 

.0702 

.0793 

2.2 

6 

.1366 

1D.0 

.1109 

.8154 

.9263 

.0086 

.0500 

.0586 

2.1 

7 

.2436 

10.8 

.2343 

1.4391 

1.6733 

.0262 

.0933 

.1195 

2.6 

7 

.1983 

10.8 

.1343 

1.1577 

1.2920 

.0157 

.0962 

.0919 

2.4 

6b4 

Average  day  cotyledons  were  shed  -  6.2 
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Table  27 

Series 

E 

Soil 

Oulture 

Medium 

Seeds 

Dens  ity 

1 

(1.32  Sp. 

Gr.  ) 

Temperature 

25°C 

Seed 

Daily  Growth 

Increments 

in  Centimeters 

No. 

IH 

1 

2 

3 

4 

5  6 

7 

8 

9 

10 

11 

TH 

Hypoeotyl 

l 

p 

Q 
O 

A  R 
0.0 

7  ? 

1.1 

16.6 

2 

a 

O. 

ft 

6.1 

«J.  ft 

.7 

15.6 

3 

x  . 

7 

1 

3.1 

A  7 

3.0 

14.5 

4 

K 
«j 

5.3 

«J  •  *J 

.6 

14.7 

5 

2. 

A 

3.1 

7  0 

3.3 

16.0 

6 

3- 

g 

5.2 

A  A 

1.4 

17.0 

7 

p 

3.4 

5  A 

1.7 

13.1 

8 

p 

3.4 

A  5 

1.8 

14.1 

Ave. 

2. 

84 

4.39 

A  P7 

1.7 

15.2 

First 

lnxernocie 

1 

A 

•  ft 

1  P 
X  •  c 

3.9 

2.8 

in  a 

.  X 

9.9 

2 

.5 

1  fl 

X  .  o 

4.1 

2.7 

Q  P 

10.5 

3 

.2 

7 

2.3 

3.2 

OA  Q 

•  ft 

9.7 

4 

.8 

x.  o 

3.4 

3.0 

1.7  .0 

11.2 

5 

.3 

•  6 

2.4 

3.5 

1. 7  .6 

•  1 

9.2 

6 

.5 

2.1 

4.2 

1.9 

•  4  .2 

9.3 

7 

.3 

1.2 

3.0 

2.5 

.8  .4 

.2 

8.4 

3 

.3 

1.1 

2.6 

3.7 

1.2  .6 

•> 

.1 

9.6 

A.ve. 

.41 

1.31 

3.24 

2.91 

1.21  .49 

.15 

9.  73 

Second 

Internode 

1 

.2 

.3 

1.3  3.6 

1.3 

.6 

.2 

7.5 

© 

.1 

.2 

.2 

.6  1.8 

.8 

.1 

3.8 

.2 

.1 

.3  1.0 

2.0 

.3 

.1 

4.0 

ft 

.2 

.4 

1.1  2.4 

1.1 

5.2 

5 

.3 

.2 

.8  2.5 

2.1 

.3 

.2 

6.4 

.1 

.2 

.5 

1.0  1.7 

1.1 

4.6 

7 

.3 

*3 

1.6 

6.1 

8 

.2 

.3 

.5  1.3 

1.  C 

o 
•  c 

n 

.  X 

3.8 

A-ve. 

.22 

.29 

.85  2.13 

X  .  ft 

H7 

5.18 

Third 

Internode 

1 

.2 

.2 

.4 

2 

.2 

.2 

3 

.2 

.1 

.3 

4 

.2 

.1 

.1 

•  4 

5 

.2 

.2 

.4 

6 

.3 

.3 

7 

.2 

.2 

.4 

8 

.2 

.2 

A-ve. 

.13 

.18 

.01 

.01 

.33 
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Table  27  (Continued) 
Seed  Daily  Growth  Increments  in  Centimeters 


No. 

IH 

1 

2 

3 

4 

5 

6 

7 

8 

9  10 

11  TH 

Shoot 

1 

2.8 

5.9 

8.4 

o.  2 

3.1 

2.3 

4.3 

Xt6 

.  6 

•  2 

r?  a  a 

34. 4 

2 

3.4 

6.6 

7.3 

5.0 

2.9 

1^5 

2.0 

1.3 

30.1 

3 

1.7 

3.3 

7.4 

5.5 

3.3 

2.3 

1.9 

2.6 

.3 

.2 

28.5 

4 

3.5 

6.1 

7.1 

4.2 

3.4 

2.8 

3.1 

1.2 

.1 

31.5 

5 

2.6 

3.4 

7.6 

6.0 

3.7 

2.5 

3.3 

2.4 

.3 

.2 

32.0 

6 

3.9 

5.7 

8.7 

5.8 

2.4 

1.4 

1.9 

1.4 

31.2 

7 

2.4 

3.7 

6.8 

5.0 

2.8 

2.0 

3.3 

2.0 

28.0 

8 

2.4 

3.7 

7.6 

4.6 

4.0 

1.7 

2.1 

1.3 

.2 

.1 

27.7 

Ave. 

2.84 

4.8 

7.61 

5.16 

3.2 

2.06 

2.74 

1.73 

.2 

.09 

30.43 

Wt  &  Length         Fresh  Weight  Dry  Vveight         Diam.  Day 


Heed 

(  gram)  ( mm) 

in 

grams  of 

in 

grams 

of  ( 

mm) 

No. 

of 

seed 

Root 

Shoot 

Plant 

Root 

Shoot 

Plant 

1 

.4070 

13.4 

.2684 

2.4236 

2.6920 

.0228 

.1602 

.1830 

3.0 

6 

2 

.3705 

12.5 

.2484 

1.6854 

1.9338 

.0205 

.1428 

.1633 

3.0 

6 

3 

.3890 

12.4 

.5289 

2.3104 

2.8443 

.0309 

.1509 

.1818 

3.2 

6 

4 

.4909 

14.4 

.4712 

2.7749 

3.2461 

.0382 

.1843 

.2225 

3.6 

6 

5 

.4571 

13.0 

.4224 

2.5537 

2.9761 

.0275 

.1862 

.2137 

3.1 

6 

6 

.3650 

14.1 

.3404 

2.3629 

2.7033 

.0255 

.1470 

.1725 

3.5 

6 

7 

.4690 

13.3 

.7239 

2.6857 

3.4096 

.0447 

.1857 

.2304 

3.7 

6 

8 

.3919 

13.4 

.3339 

2.2764 

2.6103 

.0249 

.1472 

.1721 

3.2 

7 

Ave. 

.4176 

13.3 

.4172 

2.3848 

2.8020 

.0294 

.1630 

.1924 

3.3 

6 

Average  day  cotyledons  were  sned  -  7.2 
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Table  28 

Series  S 

Soil  Culture 

Medium 

Seeds 

Density  2 

(1.27  Sp.Gr.) 

Temperature 

25°c 

Seed 

Daily  Growth 

Increments 

in 

Centimeters 

No.  IH 

1 

2 

3  4 

5  6 

7 

8 

9 

10 

11 

TH 

Hypocotyl 

9  2,5 

5.1 

7.9 

1.7 

17.2 

10  5.4 

5.9 

6.2 

.8 

16.3 

11  1.6 

2.1 

4.1 

6.4  1.8 

16.0 

12  4.0 

4.7 

4.1 

.3 

13.1 

15  2.3 

3.5 

7.2 

1.4 

14.4 

14  3.4 

6.5 

5.5 

•  2 

15.6 

15  1.5 

2.8 

6.7 

3.1  .1 

14.2 

Ave.  2.67 

4.37 

5  .96 

1.99  .27 

15.26 

First 

Internode 

9 

•  4 

.9 

2.9  3.0 

.7  .3 

.2 

8.4 

10 

.6 

2.4 

4.0  2.4 

.3  .2 

.1 

10.0 

11 

•4 

.6 

2.3  5.3 

.6  .3 

9.5 

12 

•  5 

1.7 

4.1  2.7 

.5 

9.5 

13 

•  4 

1.1 

3.6  3.0 

•  8  .4 

9.3 

14 

•  6 

2.2 

4.7  1.8 

.6  .3 

10.2 

15 

•  2 

1.7 

1.0  3.2 

1.2  .4 

•2 

• 

7.9 

Ave  • 

.44 

1 .51 

3.23  3.06 

.67  .27 

.07 

9  .26 

Second  Internode 

9 

.3  .2 

.4  .5 

.3 

1.7 

10 

.3  .5 

1.3  2.3 

.7 

.1 

.1 

5.3 

\l 

.1       .6  1 

•  6 

1.3 

3.6 

12 

.1 

.3  .6 

2.1  1.8 

•  4 

5.3 

13 

.4  .3 

.9  2.0 

.8 

.1 

4.5 

L4 

.1 

.4  .5 

1.4  1.7 

.4 

.1 

4.6 

L5 

.2  .3 

.3    1.3  1.8 

.2 

4.1 

A.ve  • 

.03 

.27  .34 

.93  1.46 

.86 

.26 

.01 

4.16 

Third 

Internode 

LO 

.2 

.1 

.3 

LI 

.1 

.1 

L2 

.2  .1 

.3 

L3 

.2 

.1 

.1 

.4 

L4 

.1 

.2 

.1 

.4 

L5 

.2 

.2 

.4 

Ive. 

.03  .09 

.07 

.04 

• 

.04 

.27 

82 


Table  28  (Continued) 
Seed  Daily  Growth  Inorements  in  Centimeters 


Bo. 

IH 

1 

2 

3 

4 

5 

6 

7 

8 

9  10 

11  TH 

Shoot 

9 

2.5 

5.5 

8.8 

4.9 

3.2 

1.1 

.8 

.5 

27.3 

10 

3.4 

6.5 

8.6 

5.1 

2.9 

1.6 

2.7 

.8 

.2 

.1 

31.9 

11 

1.6 

2.5 

4.7 

8.7 

7.1 

.7 

.9 

1.6 

1.3 

.1 

29.2 

12 

4.0 

5.2 

5.9 

4.7 

3.3 

2.8 

1.9 

.4 

28.2 

13 

2.3 

3.9 

8.3 

5.4 

3.3 

1.7 

2.6 

.9 

.2 

28.6 

14 

3.4 

7.1 

7.8 

5.3 

2.3 

2.0 

2.1 

.6 

.2 

30.8 

15 

1.5 

3.0 

8.4 

4.3 

3.6 

1.5 

1.7 

2.2 

.2 

.2 

26.6 

Ave  • 

2.67 

4.81 

7.5 

5.49 

3.67 

1.63 

1.81 

1.0 

u.3 

.06 

28.94 

ft  &  Length         i'resh  Weight  Dry  Weight         Diam  Day 


Seed 

(  grain)  ( mm) 

in 

grams  of 

in 

grams 

Of 

( mm) 

Bo. 

of 

seed 

Root 

Shoot 

Plant 

Root 

Shoot 

Plant 

9 

.3866 

13.7 

.2594 

2.3957 

2.6553 

.0310 

.1501 

.1811 

3.1 

6 

10 

.4585 

14.0 

.6330 

2.8169 

3.4499 

.0587 

.1925 

.2312 

2.9 

6 

11 

.3583 

13.2 

.4704 

2.2189 

2.6893 

.0264 

.1447 

.1711 

3.0 

6 

12 

.4664 

13.4 

.4424 

2.6614 

3.1038 

.0334 

.1750 

.2084 

3.7 

6 

13 

.4818 

13.0 

.4624 

3.0034 

3.4658 

.0359 

.1948 

.2307 

3.5 

6 

14 

.4146 

13.2 

.5439 

2.5444 

3.0883 

.0352 

.1577 

.1929 

3.1 

6 

15 

.3840 

12.8 

.3279 

2.2234 

2.5513 

.0285 

.1463 

.1748 

3.1 

6 

Ave  ♦ 

.4215 

13.3 

.4485 

2.5520 

3.0005 

.0327 

.1659 

.1986 

3.2 

6 

Average  day  cotyledons  were  shed  -  7.2 
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Table  29 

Series  E 

Soil 

Culture 

Medium 

Seeds 

Density  3  (1.22  Sp.Gr.) 

Temperature 

25°c 

Seed 

Daily  Growth  Increments 

in  Centimeters 

No. 

IH 

1 

2  3 

4 

5  6 

7 

8 

9 

10  11 

TH 

Hypooo tyl 

16 

1.4 

3.3 

8.9  5.1 

.3 

19.0 

17 

1.6 

3.9 

8.0  4.1 

•4 

18.0 

18  • 

2.2 

3.8 

8.2  3.9 

18.1 

19 

2.2 

2.8 

9.0  4.5 

.1 

18.6 

20 

3.3 

3.8 

9.2  3.2 

.1 

19.6 

21 

1.7 

3.7 

8.3  4.1 

.1 

17.9 

22 

1.7 

2.6 

5.6  5.8 

.4 

16.1 

23 

4.2 

4.3 

7.7  1.9 

.1 

18.2 

Ave. 

2.29 

3.53 

8.11  4.07 

.19 

First 

111  U  '^t  J-  liWU^ 

16 

.3 

.3  2.0 

4.0 

2.6  .9 

.1 

.1 

10.3 

17 

.3 

.5  3.0 

5.5 

1 .9  .7 

.3 

10.2 

18 

.2 

1.1  3.7 

4.1 

1.5  .4 

.1 

11.1 

19 

.3 

.7  3.2 

3.6 

1.8  .7 

.2 

10.5 

20 

.3 

.8  3.2 

3.2 

1.8  .6 

.3 

10.2 

21 

.3 

.9  2.5 

5.1 

1.8  .1 

10.7 

22 

•3 

.5  2.7 

4.9 

2.8  .7 

.2 

12.1 

23 

•  3 

1.5  5.2 

2.6 

•9  .4 

.2 

11.1 

Ave . 

.29 

.79  3.19 

3.88 

1.89  .56 

.17 

.01 

10  7ft 

J.\J  .  1  o 

Second 

Internode 

16 

.3 

.1 

.1  .2 

.3 

.1 

1.1 

17 

.2 

.2 

.5    1 .3 

3.1 

.3 

.4 

.1 

6.1 

18 

.2 

.6 

.6  1.7 

.9 

4.0 

19 

•  2 

•  4 

.5    1 .0 

.8 

.5 

.1 

3.5 

20 

.2 

.3 

.4  .7 

.5 

.4 

.2 

2.7 

21 

.2 

.3 

.2  .1 

.8 

22 

.1 

•  4 

.5  .9 

1.7 

1.0 

.5 

5.1 

23 

.2 

.6 

1.3  3.0 

.9 

.3 

.2 

.1 

6.6 

Ave . 

.2 

.36 

.51  1.11 

1.03 

.31 

.19 

.03 

"3  74 

Third 

Internode 

17 

.2 

.1 

.1 

.4 

18 

.1 

.1 

.2 

19 

.2 

.1 

.3 

20 

.2 

.2 

22 

.1 

.1 

.2 

23 

.3 

.1 

.4 

Ave . 

.05 

.09 

.07 

.21 
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Table  29  (  Con tinned) 


Seed 

Daily  ( 

Growth 

Increments  in 

Centimeters 

Ho. 

IH 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10  11 

TH 

Shoot 

16 

1.4 

3.6 

9.2 

7*4 

4*4 

2.7 

1*1 

-A, 

.1 

.1 

30.4 

17 

1 .6 

4.2 

8.5 

7.3 

4.1 

2.4 

2.0 

'ITS 

.4 

.0 

•1 

34 .7 

18 

2.2 

4.0 

9.3 

7.8 

4.7 

2.1 

2.1 

i.l 

.1 

33.4 

19 

2.2 

3.1 

9.7 

7.9 

4.1 

2.3 

1.7 

1.0 

.7 

•  2 

32.9 

20 

3.3 

4.1 

10.0 

6.6 

3.6 

2.2 

1.3 

,a 

.4 

.4 

32.7 

21 

1.7 

4.0 

9.2 

6.8 

5.5 

2.0 

.2 

29.4 

22 

1.7 

2.9 

6.1 

8.6 

5.7 

3.3 

1.6 

1,0 

.6 

33.5 

25 

4.2 

4.6 

9.2 

7.3 

3.3 

2.2 

3,4 

1.1 

•  6 

.3 

.1 

36.3 

Ave . 

2.29 

3.81 

8.9 

7.46 

4.43 

2.4 

1.68 

1.25 

.41 

.26 

.02 

32.91 

Seed 

No. 

16 

17 

18 

19 

20 

21 

22 

23 

Ave . 


Wt  &  length 
(  gram)  ( mm) 

of  seed 
.2755  12.9 


.3422 
.3380 
.3924 
.3602 
.4125 
.3433 
.3994 
.3579 


12.7 
13.8 
13.8 
12.3 
13.3 
14.2 
13.3 
13.3 


Root 
.2314 
.1661 
.1794 
.3849 
.2697 
.3954 
.4089 
.4214 
.3072 


Fresh  We 
in  grams 
Shoot 
1.8804 
2.1399 
2.2824 
2.5034 
2.4044 
2.7294 
3.1210 
2.5354 
2.4495 


ight 
of 

Plant 
2.1118 
2.3060 
2.4618 
2.8883 
2.6741 
3.1248 
3.5299 
2.9568 
2.7567 


Root 
.0168 
.0179 
.0155 
.0283 
.0205 
.0261 
.0247 
.0323 
.0228 


Dry  Weight 
in  grams  of 
Shoot  Plant 
.1102  .1270 


.1326 
.1367 
.1511 
.1371 
.1630 
.1368 
.1580 
.1407 


.1505 
.1522 
.1794 
.1576 
.1891 
.1615 
.1903 
.1635 


Average  day  cotyledons  were  shed  -  7 


Diam  Day 
(  mm) 


2.9 
2.8 
3.1 
5.1 
3.0 
3.5 
3.0 
3.0 
3.1 


5 
5 
5 
5 
5 
6 
5 
5 
5 
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Table  30 


Series  S  Soil  Culture  Medium  Seeds 

Density  4  (1.17  Sp.Gr.)  Temperature  25°C 


beed 

Daily  Growth  Increments 

in  Centimeters 

LiO  . 

TIT 

± 

2 

3 

4        5  6 
Hypocotyl 

7  8 

9  10 

-LJL  In 

24 

2.1 

3.2 

7.1 

3.2 

.1 

15.7 

25 

2.3 

1.8 

5.9 

4.5 

.3 

14.8 

26 

3.4 

4.4 

6.7 

1.2 

15.7 

27 

2.6 

4.5 

7.8 

1.3 

16.2 

28 

3.0 

3.2 

6.5 

3.4 

.3 

16.4 

29 

2.0 

1.9 

7.0 

4.6 

.4 

15.9 

30 

2.7 

3.6 

7.4 

2.3 

.1 

16.1 

31 

2.2 

3.1 

7.8 

2.4 

15.5 

Ave . 

2.54 

3.21 

7.03 

2.86 

.15 

15.79 

First  Internode 


24 

.4 

1.2 

4.0 

2.9 

1.1 

.3 

.2 

10.1 

25 

.3 

.4 

2.0 

3.3 

1.4 

.7 

.1 

8.2 

26 

.5 

1.8 

4.2 

2.7 

.8 

.1 

.2 

10.3 

27 

.5 

1.3 

4.1 

2.1 

•  6 

.3 

.1 

9.0 

28 

•  4 

1.0 

3.7 

4.7 

1.3 

.3 

.2 

11.6 

29 

.3 

.5 

2.4 

4.4 

1.9 

.7 

.1 

10.3 

30 

•4 

1.3 

3.5 

2.3 

.8 

•  4 

•  2 

8.9 

31 

.4 

1.0 

3.3 

2.7 

1.1 

•  6 

.1 

9.2 

Ave . 

.4 

1.06 

3.40 

3.14 

1.13 

.42 

.15 

9.7 

Second  Internode 


24 

.3 

.3 

•  6 

1.8 

1.6 

.6 

.1 

5.3 

25 

.3 

.1 

•  2 

.1 

.1 

.8 

26 

.2 

.2 

.2 

.2 

.8 

27 

.2 

.2 

.1 

.5 

28 

.2 

.3 

.1 

.1 

.2 

.9 

29 

.3 

.2 

.3 

.3 

.1 

1.2 

30 

.4 

.3 

.8 

2.7 

1.4 

.3 

5.9 

31 

.3 

.2 

.3 

1.3 

1.6 

•  4 

4.1 

Ave . 

.24 

.23 

.32 

.84 

.6 

.2 

.01 

2.44 

Third  Internode 

24  .2      .1  .3 

30  .3  .3 

31  .1  .1  .2 
Ave.  .04     .04     .03  .1 
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Seed 


Table  30  (Continued) 
Daily  Growth  Increments  in  Centimeters 


Mo. 

IH 

1 

2 

3 

4 

5 

6 

Shoot 

24 

2.1 

3.6 

8.3 

7.5 

3.3 

1.7 

2.1 

25 

2.3 

2.1 

6.3 

6.5 

3.9 

1.5 

.9 

26 

3.4 

4.9 

8.5 

5.6 

2.9 

1.0 

.3 

27 

2.6 

5.0 

9.1 

5.6 

2.1 

.8 

.4 

28 

3.0 

3.6 

7.5 

7.3 

5.3 

1.4 

.4 

29 

2.0 

2.2 

7.5 

7.0 

5.1 

2.1 

1.0 

30 

2.7 

4.0 

8.7 

6.2 

2.7 

1.6 

3.1 

31 

2.2 

3.5 

8.8 

6.0 

2.9 

1.4 

1.9 

Ave . 

2.54 

3.61 

8.09 

6.46 

3.53 

1.44 

1.2* 

1.8 

.1 

.4 

1*5- 
1.7 

"T8~l 


8 

.8 
.1 


.2 
.1 

.5 

.25 


10 


11 


.2 


.1 

.04 


TH 

31.4 
23.8 
26.8 
25.7 
28.9 
27.4 
31.2 
29.0 
28  .03 


ht  & 

Length 

Fresh  Weight 

Dry  height 

Diam  Day 

Seed 

(  gram)  (  mm) 

in  grams 

of 

in  grams  of  i 

mm) 

Ho. 

of 

seed 

Eoot 

Shoot 

Plant 

Root 

Shoot 

Plant 

24 

.3562 

12.4 

.2494 

2.1717 

2.4211 

.0262 

.1338 

.1600 

3.2 

6 

25 

.3224 

12.9 

.2454 

1.9444 

2.1898 

.0216 

.1218 

.1434 

2.9 

5 

26 

.3060 

13.7 

.3641 

1.9489 

2.3130 

.0286 

.1206 

.149  2 

3.0 

6 

27 

.29  24 

12.6 

.3796 

1.8689 

2.2485 

.0264 

.1135 

.1399 

2.8 

6 

28 

.3509 

12.5 

.5302 

2.2174 

2.7476 

.6333 

.1343 

.1676 

3.1 

5 

29 

.3140 

14.5 

.3439 

2.0314 

2.3753 

.0251 

.1248 

.1499 

3.0 

5 

30 

.4067 

13.4 

.3459 

2.4574 

2.8033 

.0275 

.1574 

.1849 

3.3 

6 

31 

.3343 

12.3 

.4009 

2.0734 

2.4743 

.0241 

.1282 

.1523 

3.1 

6 

Ave . 

.3354 

13.0 

.3574 

2.0892 

2.4466 

.0266 

.1293 

.1559 

3.1 

U6 

Average  day  cotyledons  were  shed 


-  6.8 
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Table  31 


Seed  Dally  Growth  Increments  in  Centimeters 

No.  IH      1        2        3        4  5        6  7        8        9      10      11  TH 

Hypocotyl 

32  1.7    2.7    8.3    4.6      .7  18.0 

33  2.7    3.6    9.3    3.6      .2  .1  19.5 

34  1.5    3.1     8.0    3.3      .4  16.3 

35  2.6    3.8     6.9     3.3  16.6 

36  2.1     3.2    9.3    2.7       .3  17.6 

37  1.6     2.0    7.4     5.7  1.1  .2  18.0 

38  2.5    4.1     7.0    2.5  16.1 
Ave.  2.1    3.21  8.03  3.67     .39  .04  17.44 

First  Internode 

32  .3       .4    1.9  4.4  3.2      .8  .1  11.1 

33  .4      .7    2.2  4.9  3.0      .5  .1       .1  11.9 

34  .2       .7    2.5  4.8  3.0      .6  .1  11.9 

35  .5    1.4    5.1  3.2  .4      .1  10.7 

36  .3       .7     2.6  3.8  2.1      .2  .2  9.9 

37  .2       .5    1.1  4.5  3.0      .5  .2      .1  10.1 

38  .4    1.2    3.8  4.5  1.2      .1  .1  11.3 
Ave.  .33     .8    2.74  4.3  2.27     .4  .11     .03  10.99 

Second  Internode 

32  .2  .2       .2  .1       .1  .8 

33  .2.2.2  .6 

34  .1       .2  .5      .8  .8      .4      .1  2.9 

35  .3      .3  .4      .4  1.2      .6  3.2 

36  .2      .2  .4      .7  1.2      .3  .1  3.1 

37  .1       .3  .4    1.1  2.0       .7       .1  4.7 

38  .2       .2  .5      .5  .2      .1  1.7 
Ave.  .13     .23  .37     .56  .79     .31     .03     .01  2.43 

Third  Internode 

34  .1  .1 

35  .1  .1 

36  .1  .1 

37  .2  .1  .3 
Ave.  .04     .01     .01    .01  .07 


No. 

IH 

1 

2 

3 

4 

5 

Shoot 

32 

1.7 

3.0 

8.7 

6.5 

5.3 

3.4 

33 

2.7 

4.0 

10.0 

5.8 

5.3 

3.3 

34 

1.5 

3.3 

8.7 

5.9 

5.4 

3.5 

35 

2.6 

4.3 

8.3 

8.7 

3.5 

.8 

36 

2.1 

3.5 

10.0 

5.5 

4.3 

2.5 

37 

1.6 

2.2 

7.9 

6.9 

5.9 

3.6 

38 

2.5 

4.5 

8.2 

6.5 

4.7 

1.7 

Ave.  2.1     3.54  8.83  6.54  4.91  2.69     .96     .94     .36     .04  .03 
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Seed 


Table  31  (Continued) 
Daily  Growth  Increments  in  Centimeters 


1.0 
.7 

1*4 
.5 
.9 

1.6 
.6 


.2 
.1 
.9 
1^3 
1.4 
2*4 
T5 


8 


.1 


.5 
.6 
.3 
.8 
.1 


10  11 


.1 

.1 
.1 


.1 
.1 


TH 

29.9 
32.0 
31.2 
30.6 
30.7 
33.1 
29.1 
30.94 


Wt  &  Length 

Fresh  Weight 

Dry  Weight 

Diam. Day 

Seed 

(gram)  (mm) 

in 

grams 

of 

in  grams 

of 

( mm) 

No. 

of 

seed 

Root 

Shoot 

Plant 

Root 

Shoot 

Plant 

32 

.2825 

12.4 

.3584 

1.79  54 

2.1538 

.0272 

.1099 

.1371 

2.7 

6 

33 

.3085 

12.0 

.2000 

1.9179 

2.1179 

.0173 

.1224 

.139  7 

2.9 

6 

34 

.2945 

12.5 

.1766 

1.8842 

2.0608 

.0220 

.1120 

.1340 

3.1 

6 

35 

.3740 

14.1 

.2678 

2.2807 

2.5485 

.0253 

.1317 

.1570 

3.1 

7 

36 

.3699 

14.2 

.5552 

2.3646 

2.9198 

.029  7 

.1504 

.1801 

3.5 

6 

37 

.3719 

14.1 

.2234 

2.3700 

2.5934 

.0195 

.1433 

.1628 

3.1 

6 

38 

.3327 

13.3 

.2389 

2.0199 

2.2588 

.0237 

.1318 

.1555 

2.9 

7 

Ave. 

.3334 

13.2 

.2886 

2.0904 

2.3790 

.0235 

.1288 

.1523 

3.0 

6 

Average  day  cotyledons  were  shed  -  7.2 
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Table  32 

Series  E 

Soil  Culture 

Medium  Seeds 

Density  6  (Floated  at  1.12  Sp.  Gr. ) 

Temperature 

25°C 

Seed 

Daily 

Growth  Increments  in 

Centimeters 

No. 

IH      1  2 

3 

4       5  6 

7         8  9 

J- J- 

TH 

Hypocotyl 

39 

3.2    4.1  7.9 

.9 

.1 

16.2 

40 

3.0    3.8  7.9 

.9 

15.6 

41 

3.4    5.8  6.4 

.8 

16.4 

42 

2.8    5.8  5.4 

.3 

.1 

14.4 

43 

3.3    5.7  4.8 

.5 

14.3 

Ave. 

3.14  5.04  6.48  .68 

.04 

15.36 

First  Internode 

39 

.5  1.3 

3.4 

4.2    1.5  .3 

.1  .1 

11.4 

40 

.4  1.3 

3.6 

4.0    1.5  .4 

.1 

11.3 

41 

.7  2.0 

5.3 

2.5      .3  .2 

11.0 

42 

.7  1.0 

5.6 

2.3      .4  .2 

.1  .1 

10.4 

43 

.8  2.1 

3.6 

2.6       .9  .2 

10.2 

Ave. 

.62  1.54  4.3 

3.12     .92  .26 

.06  .04 

10. 8E 

Second  Internode 

39 

.2 

•  2       .2  .3 

.2  .1 

1.2 

40 

.2 

.3      .4  .8 

.9       .5  .3 

3.4 

41 

.1 

.2 

.6      .9  .9 

.4  .3 

3.4 

.1 

.2  .3 

.2  .1 

.9 

43 

.1 

.2 

.2       .2  .2 

.3 

1.2 

Ave. 

.04  .18 

.3      .4  .44 

.4      .2  .06 

2.0£ 

Third  Internode 

40 

.1 

•  1 

41 

.1 

•  1 

Ave. 

.02  .02 

.0< 

Shoot 

39 

3.2    4.6  9.2 

4.5 

4.5    1.7  .6 

.3  .2 

28.8 

40 

3.0    4.2  9.2 

4.7 

4.3    1.9  1.2 

1*0      .5  .4 

30.4 

41 

3.4    6.5  8.5 

6.3 

3.1    1.2  1^1 

.4  .4 

30.9 

42 

2.8    6.5  6.4 

6.0 

2.6       .7  .2 

.3  .2 

25.7 

43 

3.3    6.5  7.0 

4.3 

2.8    1.1  ,4 

,3 

25.7 

Ave. 

3.14  5.66  8.06  5.16 

3.46  1.32  .7 

.46     .26  .08 

28.3 

Wt  &  Length 

Fresh  Weight 

Dry  Weight 

Diam  Da? 

Seed 

(gram)  (mm) 

in  grams  of 

in  grams  of 

(mm) 

11 0 

of  seed 

Root 

Shoot  Plant 

Root  Shoot 

Plant 

39 

.2886  13.7 

.4910 

1.9244  2.4154 

.0277  .1181 

.1458 

2. 

8  6 

40 

.3255  13.1 

.5119 

2.0454  2.5573 

.0289  .1270 

.1559 

2.9  6 

41 

.3789  14.3 

.5812 

2.3714  2.9526 

.0379  .1511 

.1890 

3.2  7 

42 

.2577  12.8 

.4374 

1.5124  1.9498 

.0265  .0914 

.1179 

2. 

9  7 

43 

.2860  13.2 

.5014 

1.8974  2.3988 

.0260  .1153 

.1413 

3. 

0  7 

Ave. 

.3073  13.4 

.5046 

1.9502  2.4548 

.0294  .1206 

.1500 

3.0  6.6 

Ave  rage 

day  cotyledons 

were  shed  -  6.4 

• 
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Table  33 

Series  P 

Soil 

Culture 

Large 

Seeds 

Density  2 

(1.27  Sp. 

Gr. ) 

Temperature 

25°C 

oeea. 

Daily  Growth 

Increments  in 

Centimeters 

MO 

lJa 

1 

2 

3 

4 

5  6 

7 

8  9 

±U 

11 

TH 

Hypocotyl 

1 

1.4 

c»o 

O.ft 

D  .  <2 

.5 

15.8 

2 

2.2 

1.0 

O  K 

c.o 

10.9 

3 

2.6 

A  K 

ft.D 

•7  1 

e 

•  o 

14.7 

J 

4 

2.2 

<Z  Q 

£>•  O 

.9 

14.1 

5 

3.3 

4.  U 

X  17 

4.  7 

1.2 

•  2 

13.4 

6 

1.4 

o  r\ 
£•  U 

O.ft 

O  Q 

.1 

12.7 

7 

2.1 

A  T 

4.1 

O.O 

A 

.4 

12.4 

Ave. 

2.17 

3.17 

.11 

13.42 

First  Internode 

1 

.  O 

e 
.  0 

P  T 
£  .  1 

3.1 

2.1  2.4 

.9 

9 

.1 

11.7 

2 

IT 

•  O 

T  P 

«3.  U 

4.0 

•  8  .2 

•  1 

9.6 

c 
.  D 

P  A 
&  .ft 

A  A 
ft. ft 

2.7 

.4 

10.5 

4 

7 

£  .  O 

A  A 
ft.  D 

3.3 

.7  .1 

12.0 

3 

»7 
.  f 

T  ft 
JL.  O 

^  A 
D  .  ft 

4.2 

1.6 

13.7 

o 

•  ft 

Q 
.  o 

^  7 

4.3 

1.6  .4 

11.2 

rj 
1 

•  f 

?  A 

A~  7 

3.1 

.8 

11.7 

Ave  • 

T  A7 

JL  «  U  / 

3.53 

1.14  .44 

.14 

_  ryz. 

m 
.  ujl 

11. 4£ 

Second  Internode 

1 

.2 

.2 

.2  .1 

.1 

.1 

.9 

2 

.6 

1.9  3.4 

.7 

T 

.  J. 

.1 

7.1 

K 

0 

-2 

-.3 

.5 

1.7  2.2 

.5 

1 

.  X 

5.5 

ft 

•  o 

.  t3 

1.1 

4.4  2.7 

.4 

ct 

9.5 

R 

o 

■2 

•  «L? 

.4 

.5  .4 

.6 

p 

2.4 

p. 
O 

•  o 

.3 

.6  .8 

.9 

A 
.ft 

.  1 

3.4 

.3 

.4  .8 

.6 

p 

2.7 

Ave  • 

.1 

.27 

.49 

1.39  1.49 

.54 

.19 

r»A 

4-5 

Tfcird  Internode 

2 

.3 

.2 

.5 

rr 
O 

.2 

.  1 

.  1 

•  4 

ft 

.3  .2 

T 

.  JL 

.6 

c 
O 

.2 

.2 

O 

.2 

.2 

7 

.1 

.  JL 

.2 

.04  .13 

.07 

-03 

-3 

Shoot 

1 

1.4 

2.6 

5.9 

8.5 

3.8 

2.3  2.5 

1.0 

•  2 

.2 

28.4 

2 

2.2 

1.8 

5.9 

5.8 

4.6 

2.7  3.9 

1.0 

♦  1 

.1 

28.1 

3 

2.6 

5.1 

9.7 

5.2 

3.2 

2.1  2*4 

.5 

.2 

.1 

• 

31.1 

4 

2.2 

4.5 

10.1 

5.8 

4.4 

5.4  3.0 

.4 

.4 

36.2 

5 

3.3 

4.7 

6.5 

6.9 

4.8 

2.1  .4 

.8 

.2 

29.7 

6 

1.4 

2.4 

7.2 

6.8 

4.7 

2.2  1.4 

.9 

_*± 

.1 

27.5 

7 

2.1 

4.8 

8.4 

5.3 

3.4 

1.2  .8 

.7 

.2 

.1 

27.0 

Ave. 

2.17,3.7 

7.67 

6.33 

4.13 

2.57  2.06 

.76 

.24 

.09 

29.73 
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Table  33  (Continued) 


Wt  &  Length 

Fresh  Weight 

Dry  Weight 

Diam  Day 

Seed  (gram) 

(mm) 

in  grams  of 

in 

grams 

OI 

(mm  J 

No 

of  seed 

ROOt 

bnoot 

Plant 

KOOt 

CSV  -~  — 4. 

t>noot 

riant 

1 

•  3644 

15.3 

.2629 

2.0494 

<S.t5l<dO 

T  KI70 

o.U 

rt 

2 

.4631 

15.2 

.2084 

2.5019 

2.7103 

.0330 

.1750 

.2080 

3.6 

7 

3 

.4497 

15.9 

.1934 

2.5334 

2.7268 

.0297 

.1818 

.2115 

3.3 

7 

4 

.5048 

16.2 

.1884 

2.6699 

2.8583 

.0350 

.2008 

.2358 

3.3 

7 

5 

.4469 

15.4 

.1614 

2.4454 

2.6068 

.0214 

.1713 

.1927 

3.6 

7 

6 

.4680 

15.8 

.1636 

2.4869 

2.6505 

.0256 

.1838 

.2094 

3.4 

7 

7 

.3980 

15.5 

.2519 

2.1929 

2.4448 

.0326 

.1576 

.1902 

3.3 

7 

Ave. 

.4421 

15.6 

.2043 

2.4114 

2.6157 

.0287 

.1719 

.2006 

3.4 

7 

Average  day  cotyledons  were  shed  -  7.1 


92 

Table  o*k 

Series  F 

Soil  Culture 

Large  Seeds 

Density  o 

( 1.22  Sp.Gr.) 

iemperaviire  <scm  o 

Seed 

Daily  Growth  Increments 

in  Centimeters 

Ho.  IH 

1 

JU 

2        3        4        5  6 

V                                     Urn                                    %J  W 

7 

8 

9      10      11  TH 

HVDOGO  tvl 

8  2.0 

2.7 

5.7    3.4  .2 

14.0 

9  2.1 

2.4 

4.8    6.1  .4 

15.8 

10  2.2 

3.8 

5.5    3.7  .5 

15.7 

11  2.6 

1 .9 

5.3  2.8 

12.6 

12  2.5 

3.3 

5.2  1.4 

12.4 

13  1.9 

2.4 

5.0    4.2  .5 

14.0 

Ave.  2.22 

2.75 

5.25  3.60  .27 

14  .08 

First  Internode 

8 

.4 

.5    2.7    5.1    3.2  1.0 

•  1 

13.0 

9 

.3 

.4    2.0    4.8    3.0  1.2 

•  2 

11.9 

10 

.3 

.6    2.7    4.6     2.6  .7 

•  3 

11 .8 

11 

.4 

.8     2.5    4.1    1.9  .5 

10.2 

12 

.3 

1.3    3.1    3.9    1.6  .4 

.2 

10.8 

13 

.3 

1.2    2.9     5.3     2.7  .2 

.1 

12.7 

Ave  • 

.33 

.80  2.65  4.63  2.5  .67 

.15 

11.73 

Second  Internode 

8 

#2                    ©2                    #7              2  •  (V 

2.2 

•4 

5.9 

9 

.2       .3    1.0  1.4 

2.1 

.4 

5.4 

10 

.3       .4  .9 

.9 

.7 

3.2 

11 

.1       .4    1.1  2.8 

1.4 

.2 

.2  6.2 

12 

.2       .4       .9  2.9 

2.5 

.8 

7.7 

13 

.2       .4    1.4  3.8 

1.5 

.2 

7.5 

Ave . 

.15     .33     .92  2.33 

1.77 

.45 

.03  5.98 

Third  Internode 

8 

.1 

.1 

.1 

.3 

9 

.2 

.1 

.3 

10 

.2 

.2 

11 

.1  .2 

.1 

.1 

.5 

12 

.2 

.2 

.1 

.5 

13 

.2  .1 

.1 

.4 

Ave. 

.05  .10 

.15 

.07 

.37 

— — 
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Table  34  (Continued) 


Seed  Daily  Growth  Increments  in  Centimeters 

Ho.       IH      1        2        3        4        5        6        7        8        9      10      11  TH 

Shoot 


8 

2.0 

3.1  6.2 

6.3 

5.5    3.9  3.3 

2.4  _jt5 

33.2 

9 

2.1 

2.7  5.2 

8.3 

5.5    4.0  2.6 

2.5  TF 

33.4 

10 

2.2 

4.1  6.1 

6.4 

5.4    3.0  1.6 

1.4  _SL 

30.9 

11 

2.6 

2.3  6.1 

5.4 

4.5    3.1  3.5 

1.5  73 

~  .2 

29  .5 

12 

2.5 

3.6  6.5 

4.7 

4.3     2.5  3.5 

2.9  .9 

31.4 

13 

1.9 

2.7  6.2 

7.3 

6.2    4.3  4.1 

3-. 7  .2 

34.6 

Ave . 

2.22 

3.08  6.05  6.40 

5.23  3.47  3.10 

2.07     .52  .03 

32.17 

Wt  & 

Length 

Fresh  V< eight 

Dry  Weight 

Diam  Day 

Seed 

(gram)  (mm) 

in 

grams  of 

in 

grams  of 

(  mm) 

Ho. 

of 

seed 

Root 

Shoot  Plant 

Root 

Shoot 

Plant 

8 

.4506 

15.9 

.5408 

2.6584  3.1992 

.0360 

.1881 

.2241 

3.2  5 

9 

.4782 

15.7 

.3088 

2.9019  3.2107 

.0301 

.1980 

.2281 

3.3  5 

10 

.4336 

16.0 

.6684 

2.7702  3.4386 

.0357 

.1809 

.2166 

3.2  5 

11 

.5835 

17.1 

.6661 

3.4129  4.0790 

.0550 

.2388 

.2938 

3.7  6 

12 

.4452 

15.9 

.5319 

2.2932  2.8251 

.0382 

.1644 

.2026 

3.2  7 

13 

.4042 

16.6 

.1874 

2.2384  2.4258 

.0211 

.1720 

.1931 

3.3  8 

Ave . 

.4659 

16.2 

.4839 

2.7125  3.1964 

.0360 

.1904 

.2264 

3.3  6 

Average  day  cotyledons  were  shed  -  8 
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TaM  ft  35 

Series  F 

Soil  Culture 

Large  Seeds 

Density  4  (1.17  Sp.Gr.  ) 

Temperature  25°0 

Seed 

Daily  Growth  Increments 

in  Centimeters 

No. 

IH  1 

2        3        4        5  6 

7        8  9 

10 

11  TH 

Hypocotyl 

1  A 

9    ft       Pi  1 

CO       .  o 

xO.  D 

15 

2.9  4.6 

5.7  .5 

13.7 

16 

3.1  5.5 

3.5  .8 

12.9 

Ave. 

2.93  5.07 

4.83  .53 

13.37 

First  Internode 

X  X  •  X 

15 

.6 

1.7    3.0    3.5    1.3  .2 

.2 

10.5 

16 

.7 

2.8    4.1     2.3      .6  .1 

10.6 

Ave. 

.63 

2.23  3.63  2.83  1.03  .23 

.13 

10.73 

Second  Internode 

1  4 

5      .5      -  6 

-5  .1 

2.2 

15 

.3      .4    1.0  1.6 

.6  .1 

4.0 

16 

.1       .4      .5    1.0  .5 

.2 

2.7 

Ave. 

.03     .23     .47     .83  .9 

.43  .07 

2.97 

Third  Internode 

14 

.1  .1 

.2 

15 

.1 

.1 

.2 

16 

.1  .1 

.2 

Ave. 

.03  .07 

.03  .07 

.2 

Shoot 

14 

2.8  5.7 

7.5    4.1     3.2    1.7  1.0 

^  .2 

27.0 

15 

2.9  5.2 

7.4    3.8    3.9     2.3  1.9 

,8  .2 

28.4 

16 

3.1  6.2 

6.4     5.3    2.8  1.7 

.2 

26.4 

2.93  5.7 

7.1    4.4    3.3    1.9  1.2 

.6  .13 

Wt  8c  Length         Fresh  Weight 

Dry  Weight 

Diam  Day 

Seed 

(gram)  (ram)         in  grams  of 

in  grams  of 

(mm) 

No. 

of  seed       Root      Shoot  Plant 

Root  Shoot 

Plant 

14 

.3964    15.2     .3994    2.4669  2.8663 

.0296  .1567 

.1863 

3.3  7 

15 

.4194    15.8     .5774    2.5864  3.1638 

.0324  .1704 

.2028 

3.3  7 

16 

.4327    16.0     .8384    2.6684  3.5068 

.0310  .1884 

.2194 

3.3  9 

Ave. 

.4162    15.7     .6051     2.5739  3.1790 

.0310  .1718 

.2028 

3.3  7.7 

Average  day  cotyledons  were  shed  -  6.8 
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Table  36 


Seed               Daily  Growth  Increments  in  Centimeters 

No        IH      1        2        3        4        5        6  7        8        9        10    11  TH 

Hypocotyl 

17  3.3    2.3    7.4    2.7      .1  15.8 

18  2.0    3.7    6.2    2.2      .1  14.2 

19  1.8    4.1    6.1    3.0  15.0 

20  2.1    2.7    5.9    4.3      .9  15.9 

21  2.3    2.6    6.5    2.8  14.2 

22  3.7  4.6  5.4  .6  14.3 
Ave.  2.53  3.33  6.25  2.60    .18  14.9 

First  Intemode 

17  .4    1.1    2.8    3.3      .8  8.4 

18  .3    1.1    2.7    3.4    1.3      .2  .2      .1  9.3 

19  .3      .7    1.8    4.8    1.9       .2  9.7 

20  .3       .7    3.0    3.7    2.0      .4  10.1 

21  .4      .9    4.5    5.0    1.5      .3  .2  12.8 

22  .6  2.0  5.3  2.0  .4  10.3 
Ave.              .38  1.08  3.35  3.70  1.32     .18  .07     .02  10.1 

Second  Intemode 

17  .3      .3      .6    1.3  .5      .2  3.B 

18  .2      .4      .6    1.0  .1      .1  2.4 

19  .1      .4      .4      .4  .3      .1  1.7 

20  .2      .4      .9    2.4  .4      .4      .1  4.8 

21  .3      .2    1.0    1.3  1.1      .3  4.2 

22  .5      .7      .3      .3  .2      .1  2.1 
Ave.                                .27     .40     .63  1.12  .43     .20     .02  3.07 

Third  Internode 

17  .1  .1  .2 

18  .2  .2 

19  .1  .1  .2 

20  .2  .1  .3 

21  .1  .1  .2 
Ave.                                                       .12  .02    .05  .18 

Shoot 

17  3.3    2.7    8.5    5.8    3.7    1.4    1*4  _Jz      .2  27.6 

18  2.0    4.0    7.3    5.1    3.9    1.9    1.4  .2  26.1 

19  1.8    4.4    6.8    4.9    5.2    2.3      .7  .2  26.6 

20  2.1    3.0    6.6     7.5    5.0    2.9    3.0  .4     ^      .1  31,1 

21  2.3    3.0    7.4     7.6    5.2    2.5    1.7  1*3     _*4.  31.4 

22  3.7    5.2    7.4     6.4    2.7      .7  .2       .1  26.7 
Ave.  2.53  3.72  7.33  6.22  4.28  1.95  1.42  .52     .27  28.25 


96 


Table  36  (Continued) 


Wt  &  Length 

Fresh  Weight 

Dry 

Weight 

DianDay 

Seed 

(gram) 

(mm) 

-t  n 

XLX 

in 

n-P 

U  x 

lull/ 

No. 

of  seed 

PI  nnt 

Root 

PI  nr»+ 

17 

.4208 

15.2 

•  3596 

2.4836 

2.8432 

.0284 

•  1651 

.1935 

3.2 

8 

18 

.3734 

15.8 

.5074 

2.3794 

2.8868 

.0290 

.1502 

.1792 

3.1 

7 

19 

.3375 

15.4 

.4594 

2.1819 

2.6413 

.0275 

.1385 

.1660 

3.2 

7 

20 

.4042 

15.7 

.2114 

2.3062 

2.5176 

.0245 

.1679 

.1924 

3.0 

7 

21 

.3790 

15.7 

.2499 

2.2180 

2.4679 

.0223 

.1582 

.1805 

3.1 

8 

22 

.4170 

16.0 

.2534 

2.3809 

2.6343 

.0244 

.1712 

.1956 

3.2 

8 

Ave, 

.3887 

15.6 

.3402 

2.3250 

2.6652 

.0260 

.1585 

.1845 

3.1 

7.5 

Average  day  cotyledons  were  shed  -  7 
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Table  37 

Series  D                               Soil  Culture  Small  Seeds 

Temperature  25°C 

Den-  Average  Daily  Growth  Increments  in  Centimeters 

sity    IE      1        2        3        4        5        6  7        8        9        10      11  TH 

Hypocotyl 

1  1.63  2.40  5.37  5.08     .26  14.76 

2  2.11  3.70  5.60     .98     .04  12.43 

3  2.26  3.55  4.61  1.74     .10  12.26 

4  2.11  2.79  6.55  2.75     .14  14.34 

5  1.29  2.58  5.71  4.13     .37  14.08 

6  2.36  3.26  5.70  1.89     .06  13.27 

First  Internode 

1  .23     .53  2.31  3.94  1.77     .51  .14     .03  9.47 

2  .45  1.38  3.05  2.58     .84     .25  .07  8.62 

3  .41  1.11  2.59  2.49  1.18     .32  .08     .01  8.19 

4  .31     .91  2.85  3.29  1.14    .21  .08     .01  8.80 

5  .24     .53  1.56  2.99  2.02     .46  .15  7.95 

6  .36     .76  2.61  2.94  1.06     .17  .03  7.91 

Second  Internode 

1  .16     .18     .26     .57  .49     .21  1.87 

2  .11     .17     .14     .30     .50  .24     .06     .01  1.54 

3  .01     .11     .18     .14     .18  .16     .05     .01  .84 

4  .03     .14     .19     .21     .35  .16     .06     .01     .01  1.16 

5  .09     .12     .09     .05  .10     .01     .01     .01  .48 

6  .11     .16     .16     .13     .10  .66 

Third  Internode 

1  .03  ,04    *03  .10 

2  .04  .04     .01     .01  .10 

3  .03  .01     .  .04 

4  .01  .04     .01  .06 

5  .01  .01 

6  .03  .03 

Shoot 

1  1.63  2.64  5.90  7.56  4.38  2.03  1.11  .67     .27  26.20 

2  2.11  4.15  7.10  4.20  2.75  1.14     .79  .35     .08     .02  22.69 

3  2.26  3.96  5.74  4.44  2.76  1.31     .53  .25     .06     .01  21.32 

4  2.11  3.10  7.49  5.74  3.61  1.35     .58  .27     .09     .01     .01  24.36 

5  1.29  2.81  6.24  5.77  3.49  2.11     .51  .25     .01     .01     .01    .01  22.51 

6  2.36  3.61  6.46  4.61  3.14  1.21     .30  .16  21.85 

Average              Average  fresh  Average  dry  weight  Average 

Wt  &  Length      ./eight  in  grams  of  in  grams  of  Diam 

(gram)  (mm)    Root      Shoot      Plant  Root    Shoot    Plant  (mm) 
of  seed 

1  .2881    11.0     .3424    1.6683    2.0107  ,*0200     .1091     .1291  2.8 

2  .2665    10.7     .3252     1.5319    1.8571  .0219     .0994     .1213  2.8 

3  .2444    10.8     .2609     1.4573    1.7182  .0190     .0907     .1097  2.7 

4  .2429     10.5     .2203    1.4990    1.7193  .0163     .0937     .1100  2.5 

5  .2164    10.3     .1504    1.2380    1.3884  .0148     .0801     .0949  2.5 

6  .1983    10.8     .1343    1.1577    1.2920  .0157     .0762     .0919  2.4 
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Table  37  (Continued) 


Den-      Relation  of  Relation  of  Average  day  Average 

sity  Average  Dry  "./eight    Average  Dry  Plant  Weight    cotyledons  day 
to  to  were  shed  used 


Ave  rage 

Fresh 

./e  ight 

Average  oeeu  :i/eigno 

in 

per  cent. 

in  per  cent. 

Root 

Shoot 

Plant 

1 

5.8 

6.6 

6.4 

44.8 

7.3 

6 

2 

6.7 

6.5 

6.5 

45.5 

6.8 

6.3 

3 

7.3 

6.2 

6.4 

44.8 

6.8 

6.4 

4 

7.4 

6.3 

6.4 

45.3 

6.6 

5.8 

5 

9.8 

6.5 

6.8 

43.7 

7.0 

5.6 

6 

11.6 

6.6 

7.1 

46.3 

6.2 

6.4 

] 
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Table  38 

Series  E  Soil  Culture  liedium  Seeds 

Temperature  25°C 


Een-         Average  Daily  Growth  Increments  in  Centimeters 
sity  IH      1       "2        3        4        5        6        7        8        9        10      11  TH 

Hypocotyl 


1 

2.84 

4.39 

6.27 

1.70 

15.20 

2 

2.67 

4.37 

5.96 

1.99 

.27 

15.26 

3 

2.29 

3.53 

8.11 

4.07 

.19 

18.19 

4 

2.54 

3.21 

7.03 

2,86 

.15 

15.79 

5 

2.10 

3.21 

8.03 

3.67 

.39  .04 

17.44 

6 

3.14 

5.04 

6.48 

.68 

.04 

15.38 

Mrst  Inte 

1  .41  1.31  3.24  2.91  1.21 

2  .44  1.51  3.23  3.06  .67 

3  .29     .79  3.19  3.88  1.89 

4  .40  1.06  3.40  3.14  1.13 

5  .33     .80  2.74  4.30  2.27 

6  .62  1.54  4.30  3.12  .92 


mode 

.49 

.15 

9.73 

.27 

.07 

9.26 

.56 

.17 

.01 

10.78 

.42 

.15 

9.70 

.40 

.11 

.03 

10.99 

.26 

.06 

.04 

10.86 

Second 

Internode 

1 

.03 

.22 

.29 

.85  2.13  1.40 

.19 

.07 

5.18 

2 

.03 

.27 

.34 

.93  1.46  .86 

.26 

.01 

4.16 

3 

.20 

.36 

.51  1.11  1.03 

.31 

.19 

.03 

3.74 

4 

.24 

.23 

.32     .84  .60 

.20 

.01 

2.44 

5 

.13 

.23 

.37     .56  .79 

.31 

.03 

.01 

2.43 

6 

.04 

.18 

.30 

.40     .44  .40 

.20 

.06 

2.02 

Third  Internode 


1 

.13 

.18 

.01 

.01 

.33 

2 

.03  .09 

.07 

.04 

.04 

.27 

3 

.05 

.09 

.07 

.21 

4 

.04 

.04 

.03 

.10 

5 

.04 

.01 

.01  .01 

.07 

6 

.02 

.02 

.04 

Shoot 


1 

2.84 

4.80 

7.61 

5.16 

3.20 

2.06 

2.74 

1.73 

.20 

.09 

30.43 

2 

2.67 

4.81 

7.50 

5.49 

3.67 

1.63 

1.81 

1.00 

.30 

.06 

28,94 

3 

2.29 

3.81 

8.90 

7.46 

4.43 

2.40 

1.68 

1.25 

.41 

.26 

.02 

32.91 

4 

2.54 

3.61 

8.09 

6.46 

3.53 

1.44 

1.26 

.81 

PR 

a 

.04 

28.03 

5 

2.10 

3.54 

8.83 

6.54 

4.91 

2.69 

.96 

.94 

.36 

.04 

.03 

30.94 

6 

3.14 

5.66 

8.06 

5.16 

3.46 

1.32 

.70 

.46 

.36 

.08 

28.30 

Average  Average  fresh  Average  dry  weight  Average 

W%  &  Length  weight  in  grams  of  in  grams  of 

(gram)  (mm)  Root      Shoot      Plant       Root    Shoot    Plant  (mm) 
of  seed 

1  .4176      13.3  .4172 

2  .4215      13.3  .4485 

3  .3579      13.3  .3072 

4  .3354      13.0  .3574 

5  .3334      13.2  .2886 

6  .3072      13.4  .5046 


2.3848  2.8020  .0294 

2.5520  3.0005  .0327 

2.4495  2.7567  .0228 

2.0892  2.4466  .0266 

2.0904  2.3790  .0235 

1.9502  2.4548  .0294 


.1630 

.1924 

3.3 

.1659 

.1986 

3.2 

.1407 

.1635 

3.1 

.1293 

.1559 

3.1 

.1288 

.1523 

3.0 

.1206 

.1500 

3.0 

100 


Table  38  (Continued) 

Relation  of  Relation  of  Average  day  Aver- 

Den-    Average  Dry  Weight      Average  Dry  Plant  ./eight  cotyledons  age 

sity  to  to  were  shed  day 

Average  Fresh  height        Average  Seed  Weight  used 
in  per  cent  in  per  cent 


Root 

Shoot 

Plant 

1 

7.0 

6.6 

6.9 

46.1 

7.2 

6 

2 

7.3 

6.5 

6.6 

47.3 

7.2 

6 

3 

7.4 

5.7 

5.9 

45.7 

7.0 

5 

4 

7.4 

6.2 

6.4 

46.5 

7.0 

6 

5 

8.1 

6.2 

6.4 

45.7 

7.0 

6 

6 

5.8 

6.2 

6.1 

48.8 

6.3 

7 

101 

Table  39 

Series  P 

Soil  Culture 

Large  Seeds 

Temperature  25°C 

Den-         Average  Daily  Growth  Increments  in  Centimeters 

sity    IH  1 

2 

3 

4       5       6  7 

8 

9  10 

11  TH 

Hypocotyl 

2 

2.17  3.17 

5.90 

£.07 

•  11 

T  rr     a  o 

13.42 

3 

2.22  2.75 

5.25 

3.60 

.27 

14.08 

4 

2.93  5.07 

4.83 

.53 

13.36 

5 

2.53  3.33 

6.25 

2.60 

.18 

14.  90 

First  Internode 

2 

.53 

1.  67 

3.99 

5     KS    1     1  >l            A  A  1/1 

0.0«5  1.14      .44  .14: 

•  01 

11.48 

3 

.33 

.80 

2.65 

4.63  2.50     .67  .15 

11.73 

4 

.63 

2.23 

3.63 

2.83  1.03    .23  .13 

10.73 

5 

.38 

1.08 

3.35 

3.70  1.32     .18  .07 

.02 

10.10 

Second  Internode 

2 

.10 

.27 

a  r\     ^       rrr\      "i       jr  f\              c  a 

.49  1.39  1.49  .54 

.19 

.04 

4.50 

3 

.15 

.33     .92  2.33  1.77 

.45 

.03 

5.98 

4 

.03 

.23 

.47     .83    .90  .43 

.07 

2.97 

5 

.27 

.40     .63  1.12  .43 

.20 

.01 

3.06 

Third  Internode 

2 

.04     .13  .07 

.03 

.03 

.30 

3 

.05     .10  .15 

.07 

.37 

4 

.03     .07  .03 

.07 

.20 

5 

.12     .02  .05 

.18 

Shoot 

2 

2.17  3.70 

7.67 

6.33 

4.13  2.57  2.06  .76 

.24 

.09 

29.  71 

3 

2.22  3.08 

6.05 

6.40 

5.23  3.47  3.10  2.07 

.52 

.03 

32.17 

A 

4 

2.93  5.70 

7.10 

4.40 

3.30  1.90  1.20  .60 

.13 

27.27 

5 

2.53  3.72 

7.33 

6.22 

4.28  1.95  1.42  .52 

.27 

28  .25 

Average 

Average 

Fresh  Weight      Average  Dry  Weight 

Average 

Wt  &  length 

in  grams  of  in 

grams 

of 

TH  Q  m 
±JXa>lll 

(gram)  (mm) 

Root      Shoot      Plant  Root 

Shoot 

Plant 

(mm ) 

of  seed 

2 

.4421  15.6 

.2043  2. 

4114    2.6157  .0287 

.1719 

.2006 

3.4 

3 

.4658  16.2 

.4839  2. 

7125    3.1964  .0360 

.1904 

.2264 

3.3 

4 

.4162  15.7 

.6050  2. 

5739    3.1790  .0310 

.1718 

.2028 

3.3 

5 

.3887  15.6 

.3402  2. 

3250    2.6652  .0260 

.1585 

.1845 

3.1 

Relation  of 

Relation  of 

Average 

day  Averas? 

Average  Dry  Weight 

Average  Dry  Plant  Weight 

cotyledons  day 

to 

to 

were  shed  used 

Average  Fresh  Weight 

Average  Seed  Weight 

m  per 

cent 

in  per  cent 

Root      Shoot  Plant 

2 

14.0  7.1 

7.7 

45.4 

7 

7 

3 

7.4  7.0 

7.1 

48.6 

8 

6 

4 

5.1  6.7 

6.4 

48.7 

6.8 

7.7 

5 

7.6  6.8 

6.9 

47.5 

7 

7.5 
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Table  44 

Series  K                            iVater  Culture  Small  Soeds 

Temperature  30°^ 

Den-  Average  Daily  Growth  Increments  in  Centimeters 

sity     IH      1        2        3        4        5        6        7        8        9  10      11  TH 

Hypocotyl 

1  1.19  3.74  5.41  2.60     .14     .01  13.09 

2  1.45  4.36  5.70  1.65     .15  13.31 

3  1.41  4.09  6.37  3.54     .43  15.84 

4  1.34  3.41  6.03  3.65     .25  14.68 

5  1.03  3.00  5.19  2.56     .52     .05  12.35 

6  1.16  4.25  5.18  2.40     .24  13.22 

First  Internode 

1  .30     .39  1.60  4.33  3.32  2.35  1.35     .36     .20  .10  14.30 

2  .39     .97  2.88  3.50  2.41  1.62  1.05     .33     .20  .01  13.36 

3  .31     .45  2.15  3.96  3.03  2.06  1.13     .47     .05  13.61 

4  .30     .35  1.84  3.49  3.24  1.96  1.25     .39     .10  12.91 

5  .31     .50  1.65  3.79  3.53  1.94     .56     .44     .12  12.84 

6  .35     .50  2.58  3.48  3.02  1.44     .82     .24     .10  12.52 

Second  Internode 

1  .04     .11     .15     .02     .04     .04     .01  .41 

2  .04     .06     .09     .06     .05     .04     .02     .01  .37 

3  .01     .14     .05     .09                       .01  .30 

4  .01     .07     .07     .05     .03     .01  .25 

5  .04     .10     .05     .06     .01  .26 

6  .06     .08     .04     .02     .02  .22 

Third  Internode 

1                                                                             .01  .01 

Shoot 

1  1.19  4.04  5.80  4.24  4.57  3.49  2.37  1.39     .41     .21  .10  27.81 

2  1.45  4.75  6.71  4.59  3.74  2.48  1.67  1.09     .35     .21  .01  27.05 

3  1.41  4.40  6.83  5.70  4.52  3.08  2.15  1.13     .47     .06  29.75 

4  1.34  3.71  6.38  5.50  3.81  3.31  2.01  1.28     .40     .10  27.84 

5  1.03  3.31  5.69  4.25  4.41  3.62  1.99     .59     .44     .12  25.45 

6  1.16  4.58  5.68  5.04  3.80  3.06  1.46     .84     .24     .10  25.96 

Average  Average  fresh  Average  dry  weight  Average 

ft  &  Length      weight  in  grams  of                in  grams  of  Diam 

(gram)  (mm)    Root      Shoot      Plant      Root      Shoot  Plant  (mm) 
of  seed 

1  .2753    10.8     .2609     1.2909     1.5518     ,0147     .1047  .1194  2.6 

2  .2710    10.8     .3176    1.3389    1.6565     .0,170     .1026  .1196  2.7 

3  .2789     10.8     .3194    1.3765    1.6959     .0169     .1097  .1266  2.7 

4  .2342    10.9     .2603    1.1438    1.4041     .0136     .0903  .1039  2.4 

5  .2289     10.9     .2399     1.0547    1.2946     .0127     .0817  .0944  2.4 

6  .2047    11.2     .1962    1.0177    1.2139     .0110     .0760  .0871  2.3 


Ill 


Table  44  (Continued) 


Ben-  Relation  of  Relation  of  Average  day  Aver- 

sity    Average  Dry  Weight    Average  Dry  Plant  height    Cotyledons  age 
to  to  were  shed  day 


Average 

Fresh 

Weight 

Average  Seed  Weight 

used 

in 

per  cent 

in  per  cent. 

Root 

Shoot 

Plant 

1 

5.6 

8.1 

7.7 

43.4 

7.2 

5.1 

2 

5.4 

7.7 

7.2 

44.1 

6.4 

5.5 

3 

5.3 

8.0 

7.5 

45.4 

7.0 

5.3 

4 

5.2 

7.9 

7.4 

44.4 

6.9 

5.0 

5 

5.3 

7.8 

7.3 

41.2 

6.7 

5.3 

6 

5.6 

7.5 

7.2 

42.6 

6.7 

5.8 

Series  L 


Den- 
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Medium  Sec?* 
Temperature  30  °C 


Average  Daily  Growth  Increments  in  Centimeters 
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J. 

p 
a 

ft 

5 

6 

7 

Q 
O 

Q 

1  o 

XvJ 

XX 

1  P  fTF 
X  X.        1  Ll 

Hypocotyl 

± 

X.  /4 

U  .  CO 

A  PA 

AT 
O  .  ffcX 

AP 

l~\rz 
•  U3 

1  A  RA 

Xft  .  Ot: 

o 
a 

T  on 

i  •  y  u 

A  PQ 

A  QQ 

^  A^ 

1  PI 

•  18 

1  A  10 
xo  .  xu 

rr 

1  •  DO 

A  Q7 

ft  •  17  ( 

A  AA 
D  .  Oft 

^  AQ 
O  .  ft? 

A1 
.  ftX 

.03 

1  7  PO 

4 

1.85 

a  **o 

A 

ft .  o»> 

P  fl7 

i  o 

.01 

1  A   Q  A 
xft .  x)  o 

5 

1.64 

3.04 

6.01 

4.86 

.84 

.01 

16.40 

r 
O 

cZ  •  Uo 

4.82 

4.67 

1.45 

.08 

13.05 

First 

Internode 

X 

»  ft  X 

71 

•  IX 

?  OQ 

4.81 

4.18 

2.76 

1.04 

.  ?Q 

OA 

1  A  -  33 

p 

RA 

.  Ox 

3.19 

3.77 

3.06 

1.68 

AQ 

OQ 

0? 

.  01 

1  5  -  AO 

ri 
O 

^A 

AT 

1  ftl 
X  .  ox 

4.06 

3.79 

2.05 

1.25 

AA 

.  xo 

-01 

.  \JX 

14-67 

4 

^7 

AA 

1  QQ 

X  .  V  V 

4.65 

3.46 

2.19 

1.15 

„  PA 

.  fMJ! 

14.  51 

5 

.25 

.35 

.90 

3.48 

4.90 

2.62 

2.08 

.97 

.41 

.10 

16.06 

.40 

.88 

3.58 

4.05 

3.10 

1.90 

.82 

.35 

15.08 

decond 

Internode 

X 

,10 

.21 

.45 

.94 

A7 

AQ 

» oc 

?  A 

OA   ^  AQ 

p 

OQ 

.07 

.12 

.15 

.35 

•  -  ■ 

1  Q 

1  0 

•  J-  w 

OA 

PR    1  -  ^A 

3 

OA 

.10 

.04 

.06 

.09 

1  0 

1 1 

.  XX 

OQ 

01 

.  \J  X 

A7 

•  Of 

4 

.11 

.25 

.44 

.38 

.22 

.10 

1.50 

n 
O 

.01 

.10 

.14 

.11 

.21 

.14 

.03 

.01 

.75 

D 

0^ 

.07 

.05 

.05 

.07 

?7 

•  Ml 

Third 

.  Internode 

X 

.01 

0^ 

0^ 

0^ 

0"3 

01               1  ^ 
. Ul        . lo 

p 

.04 

.  \JX 

01 

OA 

3 

.01 

O^ 

OA 

.  ut 

4 

.01 

.01 

.03 

.01 

.06 

5 

.01 

.01 

Shoot 

1 

1.74 

3.69 

6.58 

5.50 

5.44 

4.40 

3.21 

1.99 

.79 

.75 

.35 

.28 

.07  34.79 

2 

1.90 

4.58 

5.82 

5.34 

4.47 

4.08 

3.21 

2.06 

.90 

.29 

.12 

.06 

.03  32.86 

3 

1.66 

5.32 

7.25 

5.39 

4.58 

3.86 

2.13 

1.36 

.69 

.30 

.10 

.01 

32.65 

4 

1.85 

5.68 

5.26 

4.86 

4.86 

3.72 

2.64 

1.54 

.49 

.14 

31.04 

5 

1.64 

3.29 

6.36 

5.76 

4.32 

5.01 

2.76 

2.19 

1.19 

.55 

.14 

.01 

33.22 

6 

2.03 

5.22 

5.55 

5.05 

4.20 

3.15 

1.95 

.90 

.35 

28.40 

Ave  rage 

Average  fresh 

Average  dry  weight  Average 

./eight  in  grams  weight  in  grams  of 

in  grams 

of 

Diam 

of  seed 

Hoot 

Shoot 

Plant 

Root 

Shoot 

Plant 

(mm) 

1 

.3756 

.3157 

1.7465 

2.0622 

.0161 

.1388 

.1549 

2.9 

2 

.3438 

.3053 

1.7520 

2.0573 

.0171 

.1380 

.1551 

2.9 

3 

.3381 

.3575 

1.6494 

2.0069 

.0192 

.1413 

.1605 

3.0 

4 

.3080 

.2721 

1.5972 

1.8693 

.0172 

.1297 

.1469 

2.9 

5 

.2855 

.2158 

1.5423 

1.7581 

.0147 

.1140 

.1287 

2.6 

6 

.2576 

.2495 

1.1974 

1.4469 

.0150 

.0996 

.1146 

2.5 
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Table  45  (Continued) 


Den- 

Relation 

of 

Re  Tat.  ion  of 

Average  day  Ave: 

sity  Average  Dry 

Weight 

o  crp 

to 

to 

WP  v»  p     c<     p  ft 

Average  Fresh 

Weight 

HQ  v  < 

in  per  cent. 

Root 

Shoot 

Plant 

1.  5.1 

7.9 

7.5 

41.2 

7.6 

6.5 

2  5.6 

7.9 

7.4 

44.4 

7.6 

5.5 

3  5.4 

8.6 

8.0 

47.5 

7.2 

5.4 

4  6.3 

8.1 

7.9 

47.6 

7.3 

6.0 

5  6.8 

7.4 

7.3 

45.1 

7.7 

6.5 

6  6.0 

8.3 

7.9 

44.5 

6.8 

6.5 
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Series  M  Table  46  Small  Seeds 

Temperature  30°C 


Den-      Average  Dally  Growth  Increments  in  Centimeters 


sity  IH 

1 

2 

3 

4  5 

6 

7 

8 

9  10 

TH 

1 

1.53 

3.50 

7.90 

2.63 

.08 

15.65 

2 

1.83 

3.65 

6.44 

1.79 

.17 

13.88 

3 

1.70 

4.65 

8.93 

3.51 

.09 

18.88 

4 

2.03 

3.96 

8.89 

3.47 

.06 

18.41 

5 

1.70 

OmO( 

I  •KJI 

3.33 

.13  .01 

lO  •  Ol 

6 

1.70 

3.17 

8.07 

4.63 

.53 

18.10 

First  Internode 

1 

.27 

.85 

3.32 

3.53  2.20 

.75 

.17 

.02 

11.10 

2 

.30 

1.14 

2*87 

2.91  1.42 

.48 

.15 

.04 

9.31 

3 

.30 

.85 

3.25 

3.61  2.21 

.97 

.31 

.12 

•  04 

11.66 

4 

.21 

.48 

2.49 

2.65  2.10 

.76 

.49 

.11 

.02 

9.31 

5 

on 

•  27 

•  64 

2.79 

3.77  1.53 

.27 

r\rz. 

9.30 

6 

.23 

•  40 

2.37 

4.07  2.27 

.77 

.30 

.07 

.03 

10.50 

Second  Internode 

1 

•  03 

.15 

.15  .08 

.08 

•  07 

•  57 

2 

.08 

.16 

.06  .01 

.01 

.32 

3 

.02 

.10 

.10  .09 

.02 

.02 

.36 

4 

.13 

.06  .04 

.01 

.01 

.26 

5 

.01 

•  13 

.19  .20 

.19 

.04 

.76 

6 

.07 

.17 

.03 

.03 

.30 

Third  Internode 

1 

.02 

.02 

4 

.01 

.01 

.01 

.04 

Shoot 

1 

1.53 

3.77 

8.78 

6.10 

3.77  2.28 

.85 

.23 

.02 

27.33 

2 

1.83 

3.95 

7.65 

4.82 

2.15  1.44 

.49 

.15 

•  04 

23.51 

3 

1.70 

4.95 

9.80 

6.86 

3.80  2.30 

1.00 

.34 

.11 

.04 

30.90 

4 

2.03 

4.17 

9.36 

6.09 

2.77  2.14 

.78 

.50 

.11 

•  04 

27.99 

5 

1.70 

3.64 

7.73 

6.24 

4.08  1.75 

.47 

.09 

25.71 

6 

1.70 

3.40 

8.47 

7.07 

4.77  2.27 

.80 

.33 

•  07 

.03 

28.90 
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Table  46  (Continued) 
Den-  Average  Weight    Average  Fresh  Weight  Average  Dry  Weight  Average 


sity      and  Length  in  grams  of  in  grams  of  Diam. 


(gram)  (mm) 

Root 

Shoot 

Plant 

Root 

Shoot 

Plant 

(mm) 

of 

Seed 

1 

•  2788 

10.8 

.2844 

1.6585 

1.9427 

.0213 

.1070 

.1283 

2.7 

2 

.2666 

10.5 

.2208 

1.4678 

1.6885 

.0187 

.0964 

.1151 

2.8 

3 

.2682 

10.9 

.2855 

1.5970 

1.8825 

.0186 

.1048 

.1234 

2.7 

4 

.2484 

10.7 

.2669 

1.4529 

1.7198 

.0178 

.0947 

.1126 

2.7 

5 

.2406 

10.6 

.2269 

1.4477 

1.6746 

.0143 

.0915 

.1058 

2.7 

6 

.2168 

11.4 

.1696 

1.2677 

1.4373 

.0125 

.0797 

.0922 

2.4 

Relation  of 
Average  Dry  Weight 
to 

Average  Fresh  Weight 
in  per  cent. 


1 

2 
3 
4 
5 

6 


Root 
7.5 
8.5 
6.5 
6.7 
6.3 
7.4 


Shoot 
6.4 
6.6 
6.6 
6.5 
6.3 
6.3 


Plant 
6.6 
6.8 
6.6 
6.5 
6.3 
6.4 


Relation  of 

Average  Dry  Plant  Wt.  Average 

to  Day 
Average  Seed  Weight 
in  per  cent. 

46.0  6.3 

43.2  5.8 
46.0  5.6 

45.3  5.0 
44.0  5.4 
42.5  6.0 


Average  Day 
Cotyledons 
were  shed 


6.3 
6.1 
6.3 
6.1 
6.2 
6. 
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Series  N 

Soil  Culture 

Medium 

Seeds 

T  fin  t>  <*  ra  tn  r  f» 

30°G 

Den 

Average  Daily  Growth  Increments  in 

Oentim  eters 

sity  IH 

1 

2        3        4        5  6 

7 

8 

9      10  11 

TH 

Hypoootyl 

1 

3. £6 

3.98 

8.67  2.36     .10  .01 

18.41 

2 

£.05 

4.4£ 

7.49  3.14     .30  .01 

17.41 

3 

1.89 

3.88 

8.62  2.67  .06 

17.12 

4 

£.54 

4.46 

7.95  1.57  .05 

16.57 

5 

£.80 

3.97 

7.37  2.53  .10 

16.77 

6 

3.90 

O  a  <J«J 

5.37  .70 

First  Internode 

1 

.47 

.93  3.62  3.54  1.64  .53 

.11 

.03 

10.87 

2 

.39 

1.29  2.86  3.92  2.68  1.00 

.20 

.01 

12.35 

3 

.34 

1.04  3.89  3.84  1.57  .40 

•  08 

11.15 

4 

.48 

.86  3.90  3.86  2.16  .71 

.19 

.05 

12.21 

5 

.40 

.93  3.21  3.93  2.69  1.26 

.70 

.31 

.07  .01 

13.51 

6 

•  Of 

1.70  £.90  £.07  1.40  .53 

.27 

Q  7"3 

Second  Internode 

1 

.14     .36     .68  .54 

.16 

.03 

1.91 

£ 

.10    .15    .11     .14  .£4 

.21 

.06 

.01 

1.03 

3 

.05     .£5     .16     .£8  .35 

.11 

.01 

1.21 

4 

.01     .05     .18     .£3  .£5 

.09 

.02 

.01 

.84 

5 

.08     .31  .47 

.30 

.14 

.03 

1:34 

6 

.07     .07     .10  .07 

Third  Internode 

1 

•  02 

.01 

.03 

£ 

.06 

.01 

.07 

3 

.01  .05 

.06 

4 

.00 

5 

.01 

.03 

.04 

• 

Shoot 

1 

3. £6 

4.46  9 

.60  6.11  4.00  £.34  1.09 

.27 

.07 

31.20 

£ 

£.05 

4.81  8.88  6.15  4.34  £.8£  1.30 

.43 

.07 

.01 

30.86 

3 

1.89 

4.21  9 

.71  6.81  4.06  1.86  .80 

.19 

.01 

29.55 

4 

£.54 

4.94  8.83  5.52  4.09  2.39  .96 

.27 

.08 

.01 

29.63 

5 

£.80 

4.37  8.30  5.74  4.11  3.00  1.74  1.01 

.49 

.10  .01 

31.67 

6 

3.90 

6.40  7.13  3.67  2.17  1.47  .53 

.27 

25.53 
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Table 

47  (Continued) 

Den- 

Average  Weight    Average  .Fresh  Weight 

Average  Dry 

We  ight 

Ave 

sl  ty 

n-p  fippii  in 

W  X.      C  C      U     X.  XX 

in  grams  of 

in 

grams  of 

Diam 

grams 

Root 

Shoot  Plant 

Root 

Shoot 

Plant 

( mm) 

1 

.  3756 

.5227 

1.9898  2.5125 

.0330 

.1344 

.1673 

3.0 

-2 

.3438 

.2358 

1.9467  2.1825 

.0228 

.1370 

.1598 

3.0 

3 

.3381 

.3111 

2.1127  2.4238 

.0244 

.1410 

.1654 

3.1 

4 

.3080 

.3722 

1.8072  2.1794 

.0251 

.1168 

.1419 

3.0 

5 

.2855 

.2890 

1.8079  2.0969 

.0193 

.1129 

.1323 

2.9 

6 

.2576 

.2370 

1.3675  1.6045 

.0186 

.0898 

.1084 

2.5 

Relation 

of 

Relation  of 

Average 

Average 

Day 

Average  Dry  Weight 

Average  Dry  Plant  Wt. 

Day 

Cotyledons 

to 

to 

were  shed 

Average  Fresh 

Wei  ght 

Average  Seed  weight 

in  per  oent. 

in  per  cent 

• 

Root  Shoot 

Plant 

1 

6.3  6.8 

6.7 

44.5 

7.1 

6.7 

2 

9*2  7.0 

7.3 

46.5 

6.8 

6.5 

3 

7.8  6.7 

6.8 

48.8 

5.9 

6.4 

4 

6.7  6.5 

6.5 

46.0 

5.5 

6.3 

5 

6.7  6.2 

6.3 

46.4 

6.7 

6.7 

6 

7.8  6.6 

6.8 

42.1 

7.3 

4.8 
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Table  50 

Quintile  Distribution  on  Successive  Days  for 
Seedlings  Starting  on  Quintile  I. 

Quin- 
tile   123456789        10      11      12  Total 


I 

15 

8 

8 

5 

4 

3 

2 

3 

3 

2 

2 

2 

42 

II 

0 

6 

6 

7 

7 

6 

5 

5 

4 

5 

4 

4 

59 

hi 

0 

1 

0 

2 

4 

4 

5 

3 

3 

3 

4 

4 

33 

IV 

0 

0 

0 

1 

0 

2 

2 

2 

2 

2 

2 

2 

15 

V 

0 

0 

1 

0 

0 

0 

1 

2 

3 

3 

3 

3 

16 

Grand 

Total 

165 

Mean 

Quintile 

Position 

1.00 

1.53 

1.67 

1.93 

2.00 

2.33 

2.67 

2.67 

2.87 

2.93 

3.00  3.00 

Table  51 


Quintile  Distribution  on  Successive  Days  for 
Seedlings  Starting  on  Quintile  II 

Quin-  * 
tile     123456789        10      11      12  Total 


I 

0 

5 

4 

7 

7 

6 

6 

6 

6 

6 

6 

6 

65 

II 

16 

3 

4 

1 

1 

3 

3 

2 

4 

4 

4 

4 

33 

III 

0 

8 

7 

7 

6 

4 

4 

6 

4 

5 

5 

5 

61 

IV 

0 

0 

1 

1 

1 

3 

3 

2 

2 

1 

1 

1 

16 

V 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

1 

Grand  Total  176 

Mean  Quintile  Position 

2.00  2.19  2.31  2.13  2.25  2.25  2.25  2.25  2.13  2.06  2.06  2.06 


Table  52 

Quintile  Distribution  on  Successive  Days  for 
Seedlings  Starting  on  Quintile  III 

Quin-  4 
tile    123456789        10      11      12  Total 


I 

0 

2 

1 

2 

3 

4 

II 

0 

5 

5 

5 

4 

2 

III 

17 

7 

5 

2 

1 

4 

IV 

0 

3 

5 

5 

6 

1 

V 

0 

0 

1 

3 

3 

6 

Mean 

Quintile 

Position 

3.00 

2.65 

3.00 

3.12 

3.12 

3. 

3 

3 

3 

3 

3 

3 

30 

4 

4 

3 

3 

4 

4 

43 

3 

3 

4 

4 

3 

3 

39 

2 

2 

2 

2 

2 

2 

32 

5 

5 

5 

5 

5 

5 

43 

Grand 

Total 

187 

3.12  3.12  3.18  3.18  3.12  3.12 


*Total  distribution  exclusive  of  first  day. 
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Quintile  Distribution  on  Successive 

Days 

for 

cjpAflT  Trio's          t*+.  t  nc   nn   Oti  t  TI+;  i  T  a 

VU.Xi.ilAU      fcj  UCli  UXU5      ull  ^Uilluiiv 

IT 

Quin- 

J.            ;0            «y                          «J            u             1  (_> 

Q 

1  0 

  lu 

J.  U  ud_L 

I 

00111021 

1 

1 

1  1 

10 

II 

02001201 

1 

1 

1  1 

10 

III 

01322211 

1 

1 

1  1 

16 

IV 

12        4        1        3        2        2  2.3 

4 

4 

4  4 

33 

V 

05766676 

5 

5 

5  5 

63 

Grand  Total 

132 

Mean 

Quintile  Position 

4.   00  A   DO  A   Oft  A   OQ   ^  9?  4.   00  4-   00  4.  00 

1  9? 
■  • 

3.92 

3  •  9  3  3  •  9  c 

laUlo  <J*± 
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